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GENERAL INTRODUCTION 
Explanation of dissertation format 
The alternate format style approved by the Graduate Faculty of 
Iowa State University on May 1979 was adopted for the presentation 
of this dissertation. Under this format, there is a general introduction 
to the problem addressed by the dissertation, followed by individual 
papers prepared for submission to academic journals, and an overall-
summary-discussion of the entire dissertation to link the different 
papers together. 
Based on this approach, four papers dealing with several aspects 
of research into European black alder (Alnus glutinosa (L.) Gaertn.) 
most of which were initiated by the second author, are presented in 
this dissertation. With the help of cooperators. Dr. R. B. Hall 
obtained a germplasm collection of Alnus glutinosa for evaluation and 
later use in the North Central United States. To provide information 
for breeding strategies in this species, I started data collection and 
provenance evaluation in 1982 at three different locations. The four 
papers, therefore, cover: 
1. Provenance variation studies on growth and reproduction 
characters, 
2. Variations in raw wood biomass properties, 
3. Estimates of heritabilities and genotypic correlations, and 
4. Stability parameters for genotype x environment interaction 
studies in Alnus glutinosa. 
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Materials, travel funds and technical support were made available 
by Dr. Hall while statistical advice was obtained from Dr. Mize of the 
Forestry Department and Dr. Hinz of the Statistical Department at Iowa 
State University. 
Study extent 
A subset of 17 provenances from an on-going range wide provenance 
study involving 48 provenances of European black alder (Alnus glutinosa 
(L) Gaertn) were evaluated in three locations for growth (total height, 
height-growth rates, diameter and volume) and raw biomass properties 
(field moisture content, maximum moisture content, bark content, specific 
gravity and biomass per se). Two other characters evaluated were leaf 
tissue nitrogen, and flower production. 
Data were collected in 1982 and 1983 at Rhodes (Central Iowa), 
Rhinelander (Northern Wisconsin) and Humm-Wye (Southern Illinois). 
Height and diameter measurements as well as flower scores were made 
directly in the field. Leaf tissue nitrogen was obtained by conducting 
laboratory analysis on leaf samples obtained from the field. Biomass 
properties such as field moisture content and specific gravity were 
similarly determined using branch samples obtained from the field. 
All data were personally obtained from the different sites along 
with assistance given by personnel at the individual locations. As 
previously indicated, funds for travelling were made available by 
Dr. R. B. Hall. Data obtained were subjected to statistical analysis 
using the Statistical Analysis System guide and computer equipment 
of the Iowa State University Computer Science Center. 
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The Alnus glutinosa breeding program and the problems addressed 
Following the oil crisis of the early and late 1970s, interest 
for alternative sources of energy increased tremendously. One area in 
which this interest received considerable attention was in the use of 
renewable resources such as trees from the natural forest ecosystems or 
those grown under plantation conditions. Many of the tree species under 
conventional forestry have a long generation span and may not be very 
effective in meeting urgent energy needs for alternative sources of 
energy. Fast growing species with relatively short generation span will 
be the ones most suited for short rotation or intensively cultured 
forestry. One such species is European black alder (Alnus glutinosa) . 
This species is exotic to the United States of America. Its native 
range is mainly in Europe (including Russia), the Near East and North 
Africa. It was first introduced into the U.S.A. in the 1800s and it 
was used mainly in charcoal production. The silvicultural importance of 
the species was disputed for a long time in Europe due to a failure in 
performance on the part of some A. glutinosa provenances. This was 
referred to as the "alder death" at the beginning of the century in 
Germany (Weisgerber, 1974). Furthermore, although the species is known 
to vary widely in its natural range, thereby, providing adequate pheno-
typic variation, early alder plantings had poor stem shape and sickly 
growth and poor fruit development (Weiss, 1964 cited in Weisgerber, 1974). 
More recently, there was renewed interest for A. glutinosa prin­
cipally because of the need for alternate sources of energy, but more 
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importantly, there is now a better understanding of the tree species. 
Alder can tolerate adverse conditions better than most tree species and, 
therefore, it has been used in soil reclamation as in coal mine sites. 
Its vertical root system can penetrate deeply into soils, thereby 
improving the soil structure. For this reason also, it is anticipated 
that alder may serve to stabilize stands endangered by storms. Alder 
trees have rapid growth and can produce large amounts of dry matter 
in short rotations. Its wood characteristics make it suitable for the 
wood fibre and furniture industries. Perhaps, the most unique feature 
of alder is its symbiotic association with actinomycetes of the genus 
Frankia (Bond, 1956; Hall et al., 1979). This enables it to fix 
atmospheric nitrogen in good quantities. Thus, it can be planted in 
pure stands, or used in mixed plantings with other tree species. Because 
of its early fruitification and lack of problems in controlled pollina­
tions (Hall, Department of Forestry, Iowa State University, unpublished 
data), alder will be very valuable in many breeding programs. 
Many landowners (public, industry and private) often require 
information on new planting materials to enable them to make decisions 
with regard to using such material or not. Therefore, provenances that 
will be grown in different environments to enable landowners to maximize 
the returns on their land are urgently needed. However, the performance 
of such provenances may vary from one location to the other. This 
situation, known as genotype x environment-interaction, has been eval­
uated in a number of tree species (Shelbourne and Campbell, 1976; 
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Namkoong, 1979; Clausen, 1983). An understanding of this phenomenon 
in alder will enhance the choice of provenances to be grown in different 
locations. 
At Iowa State University, studies using a wide range of 48 prove­
nances were initiated in 1977, the overall objective being to identify 
provenance materials that will be used in an alder breeding program for 
the tree growing areas of the North Central United States. The work 
addressed in this dissertation deals mainly with genetic variation 
among a subset of 17 provenances for growth and certain biomass 
properties. The questions raised were: 
1. How will the 17 provenances vary when grown at three different 
locations in the North Central United States? 
2. What are the inheritance levels for several traits in Alnus 
glutinosa as determined by heritability estimates? 
3. What are the levels of genotypic correlations among the growth 
and biomass properties evaluated? 
4. Which of two statistical procedures for genotype x environment 
interaction could best be used for identifying Alnus glutinosa 
provenances with wide ecological adaptation? 
5. Finally, what type of breeding strategy might be recommended 
for A. glutinosa? 
Tree improvement programs in Alnus glutinosa 
Forest tree breeding aims at producing genetically superior stock 
for the replacement of wild forest stands or existing unimproved 
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planting material. This also means the conversion of polyspecific 
stands to multispecific stands (Bawa, 1976). Thus, early testing of 
genotypes for inclusion in a breeding program is very essential. As 
indicated by Namkoong (1979), the problem for the breeder is that the 
relatively large population from which he selects his breeding parents 
must be reduced to a new set of selection parents in several stages 
over a longer time period. Thus, the overall heritability for example, 
will help to determine the need for additional testing or not. If 
traits have high heritabilities then additional testing may not be 
necessary for such traits. The availability of data from early genetic 
studies of provenances enhances future programs in the assortment of 
species into new programs, and the initial breeding steps for new prove­
nances will then be greatly enhanced. Over the last few years, there 
have been a number of such provenance tests in Alnus glutinosa. Most of 
these have been based on germplasm material assembled at Iowa State Univ­
ersity (Robinson et 1978; Maynard and Hall, 1980; DeWald et al., 
1983; Genys and Hall, 1983; Hall _et al., 1983). However, the first prove­
nance study in the United States was established on a strip-mine in Ohio 
by Funk (1973). At age 17, it was found that seed sources from southeast­
ern Germany out-performed other central European sources. Kellison and 
White (1979) reported that seed from an unknown source planted in Illinois 
and several sources from Romania, showed the best height growth after four 
years at different plantation sites in Southeastern United States. DeWald 
and co-workers (1983) concluded from studies of 48 provenances in two 
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locations that provenances from the north, south and eastern extremes of 
the portion of alder's natural range were different in most traits from 
central European provenances. Furthermore, she concluded that several 
provenances in Central Europe appeared to be the most promising for use 
in Pennsylvania. Hall et (1983) observed certain geographic trends 
among provenances for height and diameter growth in three locations. 
They found that provenances from northern and northeastern Europe 
performed better than southern provenances in northern Wisconsin, while 
the reverse performance was obtained in southern Illinois. 
Although these studies indicate possibilities for genetic improve­
ment (Hall et al., 1983; see also Robison, 1984), heritability levels 
of many of the traits remain unknown. One report by Hall et al., 
(1983), gave heritability estimates of 0.32 and 0.59 for height and 
diameter, respectively, among 2-year-old Alnus glutinosa clones. There­
fore, genetic information with regards to inheritance is generally lack­
ing for Alnus glutinosa. 
Statistical models in genotype x environment interaction 
The early statistical approach to the problems of genotype x en­
vironment interaction was based on the conventional analysis of variance 
method (Comstock and Moll, 1963; Cockerham, 1963; Comstock, 1960). The 
conventional ANOVA was useful in providing estimates of variance com­
ponents, heritabilities and genetic correlations. It was able to in­
dicate the presence or absence of significant G X E interaction. The 
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magnitude of the G x E interaction was also given by the size of the 
mean square. This method did not provide any means of characterizing 
genotypes or environments as to their stability or instability and it 
assumes homogeneity of variances when pooling across locations for 
analysis. 
More recently, stability analyses have been developed and these 
could be grouped into five classes: 
1. Those that deal with individual contributions of genotypes to 
the G X E interaction sums of squares in the conventional 
analysis of variance. This method includes that proposed 
by Plaisted and Peterson (1959) and Plaisted (1960). The 
method involves individual genotypes being eliminated one 
at a time from the general analysis. The resulting reductions 
in G X E interaction variance is taken as their proportionate 
contributions. Wricke (1962), on the other hand, developed 
an "ecovalence" method which is calculated as follows: 
- % '/M)l 
where is sum of genotypic performance over j locations, 
is sum of genotypes over all locations, X.^ is the sum 
of all genotypes at location j, X.. is the grand total of 
trait measured, p and q are the number of locations and 
genotypes respectively. According to Wricke, a genotype 
contributing little to the interaction by showing a response 
similar to the mean of all genotypes is said to possess a 
high ecovalence, that is, a wide ecological range. This would 
normally be advantageous (Wricke, 1964, 1966). 
The second group of techniques involve regression analysis 
based on the principle proposed by Yates and Cochran (1938). 
This principle was further developed and applied by Finlay 
and Wilkinson (1963). They (Finlay and Wilkinson) rated the 
adaptability of genotypes with reference to the mean perform­
ance of all genotypes at each environment. For each genotype 
a linear regression of performance on the mean performance of 
all genotypes for each location was computed. The regression 
coefficient, b, was then used as an indicator of the performance 
stability of a genotype in different locations or seasons. A 
perfectly stable genotype would have b = 0, and a genotype 
with average stability would have b = 1.0. 
A similar technique was developed by Eberhart and Russell 
(1966) who also proposed a second stability parameter--the 
deviations from linear response. In the method, they proposed 
the regression of each genotype in an experiment on an environ­
mental index and a function of the squared deviations from 
this regression would provide estimates of the desired stability 
parameters. The parameters were then defined in the following 
model: 
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where is the genotypic mean of the i^^ genotype at the 
environment (i = 1, 2 g, j = 1, 2 n), is the mean 
of the i^^ genotype overall environments, is the regression 
coefficient that measures the response of the i^^ genotype 
to varying environments, is the deviation from regression 
of the i^^ genotype at the environment, and is the 
environment index obtained as the mean of all genotypes at the 
environment minus the grand mean. 
The practical analytical techniques which are extensions of 
the regression concept. Tai (1971) assumed that regressing 
the mean of a genotype on the means of all genotypes at a lo­
cation introduces a forced covariance that complicates the 
interpretation. To avoid this, Tai has used structural anal­
ysis to calculate a pair of stability parameters in his studies 
with potatoes. 
Hanson (1970) proposed a technique that makes use of 
Euclidian distances to derive "relative genotypic stability" 
and "comparative genotypic stability." 
Based on the works of Freeman and Dowker (1973), Perkins (1972), 
Namkoong (1967), and Tai (1974); Shelbourne and Campbell (1976) 
recently suggested the use of multivariate analysis in the 
grouping of environments. 
The other method which considers genotypes and environments 
together is that of genetic correlations between environments. 
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Falconer (1952, 1981), working with mice, proposed the con­
cept of genetic correlations between environments in connec­
tion with defining an environment which gave optimal screening 
of genotypes; this was based on regarding the performance in 
two different environments as two distinct traits. Burden 
(1977) extended this theory to the tree breeding situation to 
enable environments to be characterized for their interactive 
behavior with a set of genotypes. The method (Surdon, 1977) 
uses genetic correlation matrices to show which environments 
are out of line with the rest. The method allows the tree 
breeder to compare the value of different environments for 
conducting phenotypic or family selection methods for the pro­
duction of improved genotypes. 
Genotype x environment interaction in tree breeding programs 
Review of G x E interaction in tree breeding have been done by 
a number of authors (Squillace, 1970; Shelbourne, 1972; Shelboume 
and Campbell, 1976; Bridgewater and Stonecypher, 1978). While Shel­
bourne and Campbell (1976) strongly felt that characterizing environ­
ments for their interactive behavior with genotypes will facilitate the 
grouping of environments into zones for purposes of identifying sites 
which give best resolution of genetic differences, Bridgewater and 
Stonecypher (1978) indicated that some attention should be given to in-
tra-provenance interactions which are strong for some species. It is 
their contention that realized genetic gains could still be increased 
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by appropriate assignment of interactive genetic entities to the en­
vironment . 
Zobel and Roberts (1970) provided examples of family x fertilizer 
interaction in tree breeding, while Namkoong (1978) in considering 
the theoretical implications of G x E interactions emphasized the use 
of response curves and recommended that tree physiologists and forest 
geneticists work together for the elucidation of the factors that may 
be contributing to the interactions so commonly observed. 
More specifically, Wright (1976) summarized the results of prove-
nance-site interactions for several tree species in the North Central 
United States, and Burley and Kemp (1972) discussed the G x E inter­
action problems in international tropical provenance trials. Morgenstern 
and Teich (1969), working with jack pine provenances, compared Eberhart 
and Russell's stability method and Wricke's ecovalence method. They 
concluded that the stability methods tested were useful in the selection 
process, particularly after initial studies have delimited areas within 
which selection can be concentrated. Owino (1977) concluded that the 
ecovalence stability parameters may be more discriminating than the 
regression coefficient stability parameter- Kung and Clausen (1980) 
found large planting site effects in white ash. This led them to the 
conclusions that the forester should choose the site first and the best 
seed source for that site second and that by so doing he could obtain 
fast growing white ash plantations. Their results and conclusions 
can be related to the earlier question of Burdon (1977) as to whether 
13 
selection should be for the best genotypes for individual environments 
or for genotypes that have average performance across locations. La-
Farge and Kraus (1981) concluded from their studies involving loblolly 
pine progenies that the regression estimates were more reliable than 
deviations from regression in defining genotypic stability. Rink (1983) 
also recently indicated that the regression analysis may be more reli­
able than residual mean square error in selecting five-year-old prove­
nances of yellow poplar in Illinois. It is, however, generally recom­
mended that even though stability parameters are calculated, the infor­
mation should be used in conjunction with mean genotypic performance 
within and across environments (Morgenstern and Teich; LaFarge and Kraus, 
1981). 
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PART 1. 
PROVENANCE VARIATION IN EUROPEAN 
BLACK ALDER (Alnus glutinosa (L.) Gaertn.) 
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INTRODUCTION 
Although the potential uses of European black alder in the United 
States have been documented (Funk, 1973; Plass, 1977; Phares et al., 
1975; Vurdu and Bensend, 1979; Hall et £l., 1979) and its silvicultural 
importance acknowledged in Europe (Weisgerber, 1974), its domestication 
in the United States started receiving attention only in the last few 
years (Funk, 1973; Hall et , 1983; DeWald, 1983; Hall and Miller, 
1983; Onokpise and Hall, unpublished manuscript. Dept. of Forestry, 
Iowa State University, Ames, Iowa). Attributes that make Alnus glu-
tinosa attractive to tree breeders include fixation of atmospheric 
nitrogen, fast juvenile growth, an ability to tolerate adverse condi­
tions and its relative suitability for wood fibre (Weisgerber, 1974). 
Alnus glutinosa is known to have a wide distribution in Europe, 
the Near East and North Africa (Boratynski, 1980). This wide distribu­
tion can provide significant amounts of variation in a plant species 
due in part to discontinuity in the range of the species distribution 
and wide differences in environments (Squillace, 1966). Such genetic 
variation provides the raw material for improvement programs, and the 
proper"management of this genetic diversity can result in significant 
gains in the species performance (Welsh, 1981). 
Provenance tests which have long been established as a method of 
evaluating exotic or indegenous species in a common environment help 
to indicate genotypic and phenotypic variation among trees from differ­
ent geographic origins (Callahan, 1964) , and also provide a method to 
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screen for genetic variation from which selection of seed sources could 
be made (Wright, 1976; Lacaze, 1978). Furthermore, test plantations 
can then sometimes be converted to seedling seed orchards (Nanson, 
1972). Therefore, there is a need for provenance tests across loca­
tions for black alder in order to identify suitable seed sources that 
are adapted to given environments or are stable over a range of environ­
ments. 
Early provanance studies had very narrow genetic bases due to the 
limited number of provenances sampled (Funk, 1973; Kellison and White, 
1979). Much of the black alder presently in various tree farms and 
plantations have unknown origins (Maynard and Hall, 1980). Based on 
germplasm material assembled at Iowa State University, a nimber of 
black alder trials are now underway and valuable information have been 
published from the early results of these trials (Maynard and Hall, 
1980; Genys and Hall, 1983; DeWald et al., 1983; Hall et al., 1983). 
However, many of these reports deal with a few characters at the seedling 
stage (Maynard and Hall, 1980; Genys and Hall, 1983) or the first two 
to three years of field planting where mostly phenological and some 
morphological traits have been evaluated (DeWald et _al., 1983). Green­
house studies on the Alnus/actinomycetes symbiotic relationship have also 
been reported on A. glutinosa seedlings (Maynard and Hall, 1980). As 
part of the breeding strategies for A. glutinosa in North America, 
Hall and Miller (1983), recently suggested a period of 3 to 4 years 
for the evaluation of black alder provenances. The objective of the 
18 
present study was, therefore, to evaluate 17 alder provenances for 
several characters in three different locations: Central Iowa, Northern 
Wisconsin and Southern Illinois during the 1982 and 1983 growing sea­
sons. This paper reports the data on total height, diameter, growth 
rate, volume, flowering and leaf tissue nitrogen. 
Although, height as a trait may not be as important in intensive 
culture as in conventional silviculture, it still remains an important 
character especially in the initial establishment of a plantation. It 
is also an easily measured trait that is very well correlated with 
volume growth. Tree diameter has conventionally been measured at 
breast height (DBH). This assumes that all trees have attained heights 
greater than 1.35m (4 1/2 feet), and that the tree bole measurement at 
this point provides the most reliable data for volume estimation for a 
given forest stand. This may not be true for small trees. Recent 
studies for such trees (Hall, Department of Forestry at Iowa State Uni­
versity, unpublished data) would indicate that the best estimate of vol­
ume comes from some percent height measurements and if only one fixed 
height measurement is desired, then measuring at 1 meter height would 
be the best. Furthermore, diameter as a trait for these small sized 
tree species tend to be more closely related to other characters such 
as volumes, carbohydrate accumulation, and leaf tissue nitrogen (Miller, 
1983; Hall et ^ ., 1983). 
Because alders are able to fix atmospheric nitrogen through root-
nodule symbiosis (Bond, 1956; Becking, 1974), the benefits of the mech-
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anisms for leaf nitrogen conservation in broad-leaf trees becomes less 
significant due to a lack of selection pressure for nitrogen conserva­
tion in alder leaves (Kramer and Kozlowski, 1979). Studies tend to 
indicate that nitrogen content of alder leaves may change very little 
(about 3 percent) over the growing season and into the autumn (Dawson 
and Funk, 1981). Most studies of leaf tissue nitrogen in black alder 
have been confined to a few clones in the green house (Miller, 1983) 
or to a few trees in alder mixture plantations with other tree species 
(Dawson and Funk, 1981; Hansen and Dawson, 1982). Information on ge­
netic variation in leaf tissue nitrogen in black alder is generally 
lacking. 
Flowering in A. glutinosa starts in the third or fourth year of 
growth (Robison et al., 1978; Hall and Miller, 1983), and sometimes 
earlier in clonal materials (Hall e^  ^., 1983; Miller, 1983), depend­
ing on the ortet and the position on the ortet from which ramets have 
been taken. The production of fertile male and female flowers at an 
early age would ensure that breeding work will commence early and so 
facilitate the exchange of genetic material at an early stage in the 
breeding program. However, precocious flowering may also detract from 
vegetative growth and at least two studies of black alder have impli­
cated heavy flowering in young trees as a source of vigor decline in 
some provenances (Munch, 1936; Funk, 1979). 
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MATERIALS AND METHODS 
Provenances 
During the fall and winter of 1976-77 seeds were obtained from 
48 populations of European black alder through cooperators in Europe. 
Efforts were made to select seed sources that covered the entire species 
range (Figure 1.1; Robison a^., 1978. Some of the seedlots were 
bulked collections from several trees in a stand, while others repre­
sented single seedlots from each of four trees in a stand (Maynard and 
Hall, 1980). Details of seed treatment and seedling handling in the 
greenhouse prior to field planting have been reported elsewhere (Hall 
and Maynard, 1979). 
To evaluate genotype x environment interactions, a sub-set of 17 
provenances (Table 1.1, Figure 1.1), growing at three locations were 
measured for several characters in 1982 and 1983 respectively. The 
locations were Rhodes in Central Iowa, Rhinelander in Northern Wiscon­
sin, and the Ashford Tract near Huûm-Wye, in Southern Illinois (Figure 
1.2, Table 1.2). 
Experimental design 
The experimental design in all three locations was a randomized 
complete block design with four replications or blocks. For the Rhodes, 
Iowa and Rhinelander, Wisconsin locations, trees were planted in 1979 
at 1.5 X 1.5 meter spacing with 8-tree plots (two 4-tree rows side by 
side) for each provenance for each block. The relatively close spacing 
1 
2 
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4 
5 
6 
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15 
16 
17 
Provenances of Alnus glutinosa included in the present study 
Provenance Geographic Elevation 
number origin Latitude Longitude (meters) 
131 Scotland 58° 15'N 4° 20'W 
11° 30'E 
90 
222 Denmark 54° 45'N 25 
451 W. Germany 50° O'N 9° O'E 470 
481 W. Germany 49° O'N 11° O'E 370 
511 Poland 53° 8'N 17° 24'E 60 
541 Poland 51 48'N 19 50'E 168 
561 Poland 50° O'N 20° 30'E 200 
591 Hungary 47° 40'N 17° O'E 114 
592 Hungary 46° 55'N 16° 40'E 170 
614 Netherlands 52° 50'N 5° 50'E -1 
633 Switzerland 47° 16'N 8 20'E 455 
682 France 44° 4'N 
45 35'N 
1° 16'W 5 
722 Yugoslavia 16° 31'E 
17° 5'E 
95 
724 Yugoslavia 46 5'N 113 
795 Bulgaria 42° 45'N 24 30'E 700 
962 Italy 46 2'N 
43° 48'N 
12° 29'E 40 
975 Italy 10° 79'E 670 
o 
7 
Ô 57«n 
6530>^ 14810 
6820 
16330 i|. 4^ J,' 15920 
QCZO 
S 7820. 
N> 
N 
CE3 - Boxes around numbers indicate the 17 provenances measured in this study. 
Figure 1.1. Natural range of Alnus glutinosa and locations of initial 48 provenances 
(Robison ^  £l., 1978) 
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T/ 
A = Rhodes, Iowa 
B = Rhinelander, Wisconsin 
C = Humm-Wye, Illinois 
Figure 1.2. Test locations for 17 Alnus glutinosa 
provenances 
Table 1.2. Site data for provenance test locations 
Locations 
Source 
Rhodes, 
Iowa 
Rhinelander, 
Wisconsin 
Humm-Wye, 
Illinois 
Latitude 
Longitude 
Elevation 
Mean annual rainfall 
Freeze-free days 
Soils 
Previous land use 
41 55'N 
93° 15'W 
366 m 
809 mm 
150-180 
Bottom wet land area. 
Predominantly Colo 
silty clay loam. 
Hay and pasture 
field 
45 40'N 
89° 31'W 
360 m 
763 mm 
90-120 
Padus silt loam 
Potato farm 
37 44'N 
88° 32'W 
122 m 
1112 mm 
180-210 
Bottom wet land area 
with predominantly 
silt loam. 
Hay and pasture 
field 
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was to allow for early measurements of trees grown under intensive 
culture levels of competition (Hall and Maynard, 1979). The design 
provided a total of 1536 seedling trees occupying about 0.33 hectares 
of land within each location. In addition, two border rows of mixed 
alder sources were planted around the outside edge of each set of blocks. 
For the Illinois site, trees were planted in 1980 at a wider spacing 
of 1.8 X 3.0 meters with 8-tree plots (two 4-tree rows side by side). 
Two border rows of mixed alder sources were also planted at the outside 
edge of each set of blocks. Thus, data were obtained from 3 and 4 
year old trees in Illinois, while in Wisconsin and Iowa, trees were 4 
and 5 years old at the time of data collection. 
Measurement of characters 
Measurements were made of the following characters; height, diameter, 
leaf tissue nitrogen and flowering in 1982 and 1983. Growth rate within 
both years as well as relative volume were obtained through computations. 
Height and diameter measurements were obtained 4 times over the two 
years. In 1982, both traits were measured in mid-June across all three 
locations, and in October and November in Iowa and Wisconsin, and 
Illinois respectively. Measurements in 1983 were taken in July across 
locations, and in September, October and November for Wisconsin, Iowa 
and Illinois respectively to coincide with differences in the growing 
season at the sites. Nitrogen and flowering were determined once in each 
of the two years, with leaves for nitrogen being sampled in June and 
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July for 1982 and 1983 respectively, while flowering was determined 
at the end of the growing season at all three sites in both years. 
Collection of leaves and scoring for flowers occurred at the same 
time as height and diameter measurements were taken. 
Height, diameter, growth rate and volume measurement s 
At the three locations total heights were measured to the near­
est 1 cm. All tree heights were taken to the last flushing bud with a 
telescoping measuring pole. Diameter of trees was measured at navel 
height (DNH = 1 meter height) using a dial calipers graduated in inches. 
Thus, initial diameter measurements were taken to the nearest 0.01 
inches and later converted to centimeters. 
Tree growth rates for each provenance were computed as : 
1. Summer, 1982 growth rate = Height in October/November 1982 
- Height in June/July 1982. 
2. Spring, 1983 growth rate = Height in June/July 1983 
- Height in October/November 1982. 
3. Summer, 1983 growth rate = Height in October/November 1983 
- Height in June/July 1983. 
Volume in cubic centimeters for each provenance 1983 was obtained 
using the formula derived for alder trees (Hall, 1984 in unpublished 
manuscript. Dept. of Forestry, Iowa State University, Ames, Iowa): 
V = 550.29 + (0.344D^H) 
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where 
V = Volume in cubic centimeters, 
D = Diameter in centimeters at navel height (DNH = 1 meter) 
and 
H = Total height in centimeters. 
Nitrogen content determination 
In each of the eight tree-plots in two replications for each of 
the 17 provenances, four trees were systematically selected (by taking 
every other tree in the 4 row-plots). The four middle branches on 
the previous year's stem growth in each tree (Figure 1.3) were system­
atically selected and from each branch four leaves were collected 
starting with the first fully expanded leaf (Figure 1.3). Collected 
leaf samples were then placed in Cameo coin envelopes, labelled and 
placed in plastic bags which were then frozen prior to laboratory anal­
ysis. Leaf nitrogen content was determined by the Block Digestor 
Method (Isaac and Johnson, 1976). 
Flowering measurements 
Flowering was measured by using a flower score rating of 0 to 3 
(Table 1.3). Score ratings were modified for tree sizes. For example, 
small trees (2.0 m tall or less and 0,5 cm diameter) with 5 to 7 
branches flowering were rated as 2, and if 8 to 10 branches of a simi­
lar sized trees were flowering, it was rated as 3. Conversely, large 
sized trees (5.0 m or more in height and 2.0 cm in diameter) with less 
than 7 branches flowering were rated as 1, otherwise flower rating re-
Figure 1.3. Leaf sampling for nitrogen content determination 
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' Current year's stem 
growth 
Previous 
year's stem 
growth 
Previous 2 year's 
or more stem growth 
1-4: Leaves sampled 
starting with the 
first fully 
expanded leaf 
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mained (Table 1.3). Initially, trees were scored for flowers regard­
less of the sex. 
In the fall of 1983, using the Rhodes (Iowa) location, a much more 
detailed flowering study was carried out for the 17 provenances in two 
replications. Two trees from each plot of a given provenance were 
selected for study. A modified cardinal point method (Kosinski and 
Giertych, 1979) was used to select branches for flower counts at heights 
of 1 m, 2 m and 3 m respectively. At these heights, two branches from 
the main stem, one closest to the north and one closest to the south 
were selected. The number of branchlets on each selected branch was 
counted. Starting with the first branchlet, every other branchlet 
was counted for the number of flowering inflorescence present. On 
every fifth branchlet with an inflorescence, the number of female and 
male florets as well as the number of hermaphrodites were counted. 
Total number of branchlets, inflorescences, and florets were recorded, 
for each height, location and cardinal point. Prior to these counts 
each tree was scored for flowering using the flower score rating of 
0-3. 
Data analysis 
Plot means for the traits were computed for the 1982 and 1983 
data in all three locations as well as locations combined. For height, 
analysis was based on total height at the end of the growing season in 
1982 and 1983 respectively, while only the 1983 data was analyzed for 
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Table 1.3. Ratings for flowering in European black alder (Alnus 
glutinosa) 
Rating Description No. of branches flowering 
0 Absent No branches flowering 
1 Light 1-5 branches flowering 
2 Medium/modérate 6-10 branches flowering 
3 Heavy More than 10 branches flowering 
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diameter. This was done to ensure that only trees which had attained 
one meter height were used in the analysis. Analysis was also carried 
out on the three growth rate means derived from total height of indi­
vidual trees. For each character except volume, a separate analysis 
of variance was performed for the test locations. A combined analysis 
of variance was then performed for height, flowering, growth rate and 
nitrogen data in both years. For diameter, only combined analysis 
over all locations was performed at the end of the 1983 growing season. 
All data were analyzed using unweighted plot means with missing values 
according to Snedecor and Cochran (1967); Steel and Torrie (1981). 
The General Linear Model (GLM) of the Statistical Analysis System (SAS) 
(Helwig and Council, 1979) was used to compute means and mean squares. 
Within each location and over all locations, provenance means were 
compared by Duncan's New Multiple Range test (Steel and Torrie, 1980). 
Multiple regression analyses were performed between each trait as the 
dependent variable and the three geographic factors of seed origin 
(latitude, longitude, and elevation) as independent variables. Simple 
(phenotypic) correlation coefficients were computed amongst the various 
characters within each of the test locations. 
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RESULTS 
Provenance means over all test locations for heights and growth 
rates were calculated (Table 1.4), along with means for diameter, rela­
tive volume, leaf tissue nitrogen and flower production (Table 1.5). 
Provenances were then ranked as to their performance within locations 
using the Duncan's New Multiple Range Test (Tables 1.6 and 1.7) at the 
0.05 level of significance. 
Heights 
Provenances showed high variability for total heights in both 1982 
and 1983 over the three test locations (Table 1.4). However, two Po­
lish seed sources (561 and 511), two Hungarian seed sources (591 and 
592) and one West German provenance (481) had the highest mean heights 
while the least heights were obtained for the southern Italian seed 
source (975) and the Scottish provenance (131). This mean performance 
was reflected in the provenance rankings within locations, except for 
Humm-Wye where an Italian provenance (962) along with a Yugoslavian 
(722) and a French seed source (682) ranked among the top 3 provenances 
for total height (Table 1.7). 
The Rhodes location had significantly taller trees than either 
Rhinelander or Humm-Wye, with mean heights of 232 and 538 cm in 1982 
and 1983. Although, both locations (Rhinelander and Humm-Wye) had simi­
lar heights in 1982, the Humm-Wye site had a larger mean height value 
than Rhinelander in 1983. Some geographic trends were apparent. Al-
Table 1.4. Summary of provenance means overall test locations for height and growth rates In 
Alnus glutlnosa 
Total heights (cm) Growth rates (cm) 
Prov ^  1982 1983 Summer 1982 Spring 1983 Summer 1983 
131 191.49 (17)^  293.75 (17) 32.86 (17) 17.11 (16) 85.15 (13) 
222 240.01 (15) 374.02 (12) 52.54 (8) 26.65 (10) 107.35 (1) 
451 264.11 (11) 385.96 (10) 41.56 (16) 33.06 (3) 88.79 (9) 
481 300.63 (3) 412.75 (5) 52.89 (7) 29.07 (8) 83.05 (14) 
511 291.43 (6) 419.70 (2) 47.80 (12) 29.38 (7) 98.88 (4) 
541 261.23 (13) 416.53 (4) 50.80 (10) 27.62 (9) 99.05 (3) 
561 300.77 (2) 425.06 (1) 46.18 (14) 33.57 (2) 85.43 (6) 
591 292.38 (5) 417.41 (3) 46.58 (13) 37.02 (1) 87.98 (10) 
592 303.37 (1) 411.58 (6) 55.69 (3) 19.22 (15) 88.99 (8) 
614 289.45 (7) 409.73 (8) 52.08 (9) 26.07 (11) 94.31 (5) 
633 249.95 (14) 365.62 (15) 44.60 (15) 30.28 (6) 85.39 (12) 
682 261.37 (12) 366.85 (14) 58.07 (1) 20.05 (13) 85.15 (11) 
722 299.16 (4) 411.06 (7) 54.30 (5) 30.35 (5) 81.55 (15) 
724 267.80 (8) 390.89 (9) 57.19 (2) 19.32 (14) 103.78 (2) 
795 266.50 (9) 395.15 (13) 48.95 (11) 32.02 (4) 72.63 (13) 
962 265.90 (10) 278.91 (11) 55.61 (4) 23.75 (12) 89.26 (7) 
975 191.49 (16) 297.21 (16) 53.50 (6) 16.05 (17) 78.01 (12) 
Location means and standard deviations 
Rhodes '' 332.26 + 40.74 538.01 + 54.29 90.33 + 15.10 29.55 + 14.88 176.20 + 38.09 
Rhinelander 234.11 + 25.00 279.11 + 28.34 26.78 + 11.51 18.73 + 9.76 26.26 + 11.06 
Humm-Wye 234.02 ± 32.97 331.13 ± 36.73 31.58 ± 17.95 31.89 ± 11.20 61.27 ± 16.57 
Provenance details are given in Table 1.1. 
'plantation ages are 4 and 5 years for Rhodes and Rhinelander; 3 and 4 years for Humm-Wye. 
'Values in parentheses indicated provenance rankings over all locations. 
Table 1.5. Summary of provenance means over all locations for diameter, volume, leaf 
tissue nitrogen, and flower production among Alnus glutinosa provenances^ 
Volume 
Diameter (cm) (cm^) Leaf tissue nitrogen (%) Flower score 
Prov in : 1983 in ; 1983 1982 1983 1982 1983 
131 2.85 (16) 1782 (16) 1.70 (3) 1.63 (2) 0.71 (10) 0.71 (11) 
222 3.19 (15) 2258 (15) 1.69 (8) 1.58 (12) 0.71 (10) 0.71 (11) 
451 3.51 (11) 2431 (12) 1.66 (12) 1.62 (5) 0.77 (7) 0.91 (6) 
481 3.83 (6) 3141 (3) 1.70 (3) 1.55 (17) 1.13 (3) 1.37 (3) 
511 3.94 (3) 3376 (2) 1.72 (2) 1.58 (12) 0.80 (6) 0.89 (6) 
541 3.55 (10) 2773 (9) 1.67 (11) 1.57 (14) 0.71 (10) 0.71 (11) 
561 4.38 (1) 3763 (1) 1.69 (8) 1.64 (1) 0.71 (10) 0.73 (10) 
591 3.64 (9) 2970 (8) 1.70 (3) 1.61 (8) 1.16 (2) 1.36 (2) 
592 3.68 (7) 3029 (6) 1.65 (13) 1.63 (2) 1.20 (1) 1.57 (1) 
614 3.84 (5) 3108 (5) 1.58 (16) 1.56 (15) 0.87 (5) 1.05 (7) 
633 3.47 (12) 2299 (14) 1.52 (17) 1.59 (11) 0.74 (8) 0.83 (8) 
682 3.20 (14) 2330 (13) 1.61 (14) 1.62 (5) 0.72 (9) 0.76 (9) 
722 3.98 (2) 3134 (4) 1.60 (15) 1.60 (10) 0.77 (7) 0.73 (10) 
724 3.86 (4) 3019 (7) 1.70 (3) 1.56 (15) 0.71 (10) 0.71 (11) 
795 3.65 (8) 2681 (10) 1.68 (10) 1.61 (8) 0.71 (10) 0.71 (11) 
962 3.27 (13) 2646 (11) 1.77 (1) 1.62 (5) 0.91 (4) 1.10 (4) 
975 2.24 (17) 1458 (17) 1.70 (3) 1.57 (14) 0.71 (10) 0.71 (11) 
Location means and standard deviations 
Rhodes 4.54 + 0.59 4646 ± 1450 1.75 + 0.11 1.66 + 0.13 0.89 + 0.13 0.86 + 0.11 
Rhinelander 2.81 + 0.55 1505 ± 461 1.57 + 0.08 1.56 + 0.05 0.82 + 0.08 0.86 + 0.13 
Humm-Wye 3.22 + 0.47 1872 ± 500 1.68 + 0.05 1.56 + 0.06 0.77 + 0.16 1.04 + 0.17 
^See footnotes in Table 1,4. 
V^alues have been transformed from the original mean data as /x + 0.5. 
Table 1.6. Rankings for heights and growth rates within locations 
among Alnus glutinosa provenances® 
Prov^ MHT2'^ MHT4 
rankings 
Rhinelander Rhodes Hu aim-Wye Rhinelander Rhodes Huom-Wye 
1 561 592 592 561 511 962 
2 541 591 722 541 591 592 
3 511 481 962 511 592 614 
4 722 614 682 722 614 682 
5 591 962 481 591 481 481 
6 481 511 614 451 722 722 
7 451 722 724 633 962 724 
8 633 682 451 481 222 591 
9 592 795 511 614 724 451 
10 614 561 795 222 561 792 
11 724 724 591 724 541 511 
12 795 541 561 592 795 561 
13 222 451 633 795 682 633 
14 131 222 222 131 451 222 
15 682 975 975 682 633 975 
16 962 633 541 962 975 541 
17 975 131 131 975 131 131 
P^rovenance details are given in Table 1.1. 
^Rankings within locations were determined by subjecting provenance 
means to the Duncan's Multiple Range Test. 
Variables are: MHT2 = total height in 1982, MHT4 = total height in 
1983, GRWl = summer growth in 1982, GRW2 = spring growth in 1983, and 
GRW3 = summer growth in 1983. 
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GRWl GRW2 
Rhinelander Rhodes Humm-Wye Rhinelander Rhodes Humm-Wye 
975 682 222 561 • 591 795 
592 724 722 591 633 481 
511 591 682 541 722 614 
614 962 962 451 451 962 
722 481 724 511 561 682 
541 592 592 222 795 511 
724 614 541 481 541 561 
481 975 614 633 222 451 
633 722 795 722 962 591 
962 795 975 795 131 722 
451 511 481 614 481 633 
561 541 633 131 511 975 
682 561 451 592 724 222 
795 633 561 682 614 724 
591 222 511 724 975 592 
222 451 131 962 592 541 
131 131 591 975 682 131 
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Table 1.6. (Continued) 
Prov GRW3 
rankings 
Rhinelander Rhodes Hunm-Wye 
1 614 222 591 
2 682 511 962 
3 724 724 614 
4 222 131 592 
5 451 541 481 
6 561 592 724 
7 633 561 682 
8 722 451 451 
9 962 633 561 
10 131 975 633 
11 541 962 975 
12 511 614 795 
13 591 591 722 
14 481 722 511 
15 795 481 541 
16 975 682 222 
17 592 795 131 
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Table 1.7. Rankings for diameter (cm) , stem volume (cm ), leaf-
tissue nitrogen (%) and flowering score within locations 
among Alnus glutinosa provenances 
MDIA^ Rel Vol 
Rankings Rhinelander Rhodes Humm-Wye Rhinelander Rhodes Humm-Wye 
1 561 511 722 561 511 722 
2 541 481 614 541 592 614 
3 511 561 962 511 481 592 
4 724 614 592 722 561 682 
5 722 592 682 591 614 962 
6 633 722 481 724 591 795 
7 591 724 724 633 722 481 
8 795 591 795 . 451 724 451 
9 451 962 511 481 964 511 
10 481 795 451 795 795 591 
11 614 682 561 614 222 561 
12 592 451 591 222 682 724 
13 222 633 633 592 451 633 
14 131 222 222 131 541 222 
15 682 541 975 682 633 975 
16 962 131 541 962 131 541 
17 975 975 131 975 975 131 
^Variables are: MDIA = mean diameter in 1983, Rel Vol = relative 
volume, NITRO 1 = leaf-tissue nitrogen in 1982, NITRO 2 = leaf-tissue 
nitrogen in 1983, FLOW 1 = flowering score in 1982, and FLOW 2 = 
flowering score in 1983. 
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NITRO 1 NITRO 2 
Rhinelander Rhodes Humm-Wye Rhinelander Rhodes Humm-Wye 
975 481 962 222 131 222 
962 962 614 451 722 451 
131 541 795 591 962 591 
511 131 975 592 795 592 
724 222 682 795 592 795 
795 561 592 962 451 962 
451 592 591 561 591 561 
591 724 511 541 541 541 
222 511 561 682 724 682 
561 591 481 511 682 511 
481 682 222 633 481 633 
722 451 722 481 561 481 
541 795 724 975 222 975 
592 975 451 131 975 131 
682 614 633 614 633 614 
614 722 541 724 614 724 
633 633 131 722 511 722 
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Table 1.7. (Continued) 
FLOW 1 FLOW 2 
Rankings Rhinelander Rhodes Humm-Wye Rhinelander Rhodes Humm-Wye 
1 592 592 481 592 592 592 
2 481 591 591 591 591 481 
3 591 481 962 481 481 962 
4 614 962 592 633 962 614 
5 511 614 722 511 614 591 
6 633 511 451 451 451 451 
7 451 975 561 614 511 511 
8 722 451 511 561 541 633 
9 962 682 222 722 222 682 
10 222 561 614 222 561 541 
11 561 633 633 131 633 561 
12 682 541 682 682 682 222 
13 541 722 541 541 722 722 
14 724 724 724 724 724 724 
15 795 795 795 795 795 795 
16 131 131 131 962 131 131 
17 975 222 975 975 975 975 
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though the Italian provenance (962) had the best total height at Humm-
Wye, its performance in Rhinelander was very poor and only moderate at 
Rhodes. Provenance 682 from southern France showed similar performance. 
Both provenances 541 and 561 on the other hand had the largest height 
values in Rhinelander but they were surpassed in Humm-Wye by the south-
em seed sources. 
Growth rates 
Significant variations were observed among provenances for actual 
growth rates compared to the values obtained for total heights. For 
example, even though 561 had relatively low Summer 1982 growth rate, it 
had the best Spring 1983 growth rate (Table 1.4). Provenance 975 on the 
other hand from southern Italy had one of the best growth rates in the 
Summer of 1982 but had the worst growth rate in Spring 1983. The most 
significant performance for growth rate was obtained for the Danish 
source (222) which had the best summer growth rate (107.35 cm) over all 
locations in 1983. 
Diameter and relative volume 
These two characters showed similar trends as for height and growth 
rates among provenances and locations (Table 1.5). However, the Yugo­
slavian provenance (722) ranked very high for diameter and relative 
volume (Table 1.5). Within location, rankings were similar to those 
observed for height and growth rates. 
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Leaf tissue aitrogea 
Except for provenances 561 and 592 in 1983, the mean values for 
leaf tissue nitrogen (LIN) showed that seed sources such as 131 with 
low to moderate heights, had high leaf tissue nitrogen (Table 1.5). 
This geographic variation was better reflected in the rankings within 
locations. For example in Rhinelander where provenance 975 ranked 
very low for height growth, it showed relatively high rankings for 
LIN in 1982. The Hungarian seed source (591) did, however, maintain 
moderate rankings within locations. Some of the Polish seed sources 
(511 and 541) that had consistently moderate to very tall trees ranked 
low to moderate for LTN. 
Flower production 
The Hungarian seed sources were the most prolific producers of 
flowers in both years and across locations. Except for 962 and 614 at 
Humm-Wye in 1982, and 481 in both years, only those two provenances 
from Hungary, had mean flower score ratings greater than one (Table 
1.5). This high flower productivity is reflected in the rankings of 
the provenances (Table 1.7). 
Separate analysis of variance showed significant effects for total 
heights, diameters, relative volume and flower production (1983) within 
each location (Tables 1.8 and 1.10). Significant effects were obtained 
for summer growth rates and leaf tissue nitrogen among provenances at 
Rhinelander and Humm-Wye locations. Except for 1983 summer growth 
rates, significant provenance effects were obtained for all traits 
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from combined analysis with locations combined within years; and for 
leaf tissue nitrogen and flower production when years and locations 
were combined (Tables 1.9 and 1.11). Also, significant provenance x 
location (genotype x environment) interaction effects were obtained 
for all the traits except flower production and Spring growth 1983. 
Trait correlations 
Correlation coefficients among various growth characters were cal­
culated (Table 1.12). In all locations, height, diameter and volume 
growth were very strongly correlated among themselves with correlation 
coefficients ranging from 0.44 to 0.97. These traits were also signifi­
cantly correlated with flower score even though the correlations are 
very low to moderate. Growth rates showed unexpected negative correla­
tions with height and diameter. For example. Spring growth 1983 was 
negatively correlated with 1982 Summer growth in all the test locations. 
Significantly high positive correlation is often reported for 
height and diameter, and early results of the present alder studies 
showed such relationships (Maynard and Hall, 1980; Hall ^  al., 1983). 
Tall trees often tend to have large girths which is reflected in the 
diameter measurements. The general negative correlation for growth 
rates is important in deciding when to make selection. Trees that take 
advantage of an early spring burst of growth may slow down their growth 
rate as the season progresses. Many of the Northern European seed 
sources adapted to short summers grow very fast during the spring and 
stop growth about the time when southern and central seed sources begin 
Table 1.8. Separate analysis of variance for heights, flowering score and leaf tissue nitrogen 
in Alnus Rlutlnosa provenances 
Mean squares 
1982 1983 
Source df Rhodes Rhinelander Humm-Wye Rhodes Rhinelander Humm-Wye 
Rep 
Prov 
Rep 
Prov 
Rep* 
Prov 
Heights 
3 23732.92*** 3416.77** 2415.82** 2774.09*** 7279.22*** 4410.23 
16 7877.25*** 9139.20*** 6730.90*** 7585.64** 12652.99*** 11501.89*** 
3 0.044* 
16 4.204** 
1 0.030 NS 
16 0.015 NS 
0.032^  ^
9.859*** 
0.002^  ^
0.027** 
Flowering score 
,NS 0.153 
0.453 NS 
0.047 
4.704*** 
0.026^  ^
3.532*** 
0.254* 
8.252* 
Leaf tissue nitrogen 
0.007^ ® 
0.004** 
0.034 NS 0.002 NS 
0.007 NS 0.004 NS 
0.007 
0.008* 
NS 
^^Non-significant. 
^Leaf tissue nitrogen was determined with samples from two reps in each location, 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability levels. 
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Table 1.9. Combined analysis of variance for height, flowering and leaf 
tissue nitrogen in Alnus glutinosa provenances 
Heights 
Mean squares 
Source df 1982 1983 
Locations (L) 2 215203.67*** 1264270.20*** 
Reps within L 9 9596.09 13079.77 
Prov 16 12541.03*** 17362.90*** 
Prov X L 32 5676.03*** 7206.64*** 
Residual 138 1125.40 1720.50 
Leaf tissue nitrogen^ 
Source df Mean squares 
L 2 0.34868*** 
Years (Y) 1 0.24942*** 
Reps within Y in L 8 0.02362 
Prov 16 0.01360* 
Prov X Y 16 0.01210* 
Prov X L 32 0.01130* 
Prov X L X Y 32 0.0087 
Residual 94 0.0075 
Flowering 
Source df Mean squares 
L 2 0.13364*** 
Y 1 0.74723*** 
Reps within Y in L 20 0.10771 
Prov 16 1.1642*** 
Prov X Y 16 0.0675*** 
Prov X L 32 0.0058*** 
Prov X L X Y 32 0.0653*** 
Residual 273 0.0178 
Only two reps were used for leaf tissue nitrogen determination. 
**> *** Significant at 0.05, 0.01 and 0.001 probability levels. 
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Table 1.10. Separate analysis of variance for diameter, growth rates 
and volume in Alnus glutinosa provenances 
Mean squares 
Source df Rhodes Rhinelander Humm-Wye 
Reps 3 4.762*** 1.054* 1.4207** 
Prov 16 0.8619** 3.056** 0.9681** 
Reps 3 
Summer growth, 
325.57NS 143.55^^ 
Prov 16 212.85^5 312.84*** 293.35* 
Reps 
Prov 
3 
16 
Spring growth, 
1439.78** 
487.82* 157.77^5 428.32 
Summer growth. 1983 
12.69^5 Reps 3 5265.26* 286.68* 
. Prov 16 2032.28^5 
Relative volume 
230.69* 
, 1983 
624.89* 
Reps 3 2285342.4*** 699996.63*** 1190709.1** 
Prov 16 4552050.3*** 1714514.9** 685013.63*** 
Non-significant. 
*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels. 
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Table 1.11. Combined analysis of variance for diameter and growth 
rates in Alnus glutinosa provenances 
Mean squares 
Scource df Diameter GRWl GRW2 GRW3 
L 2 55.45*** 84147*** 3249*** 415046*** 
Reps within L 9 2.22 • - 544: 165 1859. 
Prov 16 2.81*** 488** 452*** 771.55^5 
Prov X L 32 1.08*** 290^5 242* 1057* 
Residual 137 0.295 223 149 639 
^^Non-significant. 
*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels. 
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Humm-Wye, Illinois 
X: 
X, 
1.00 0.26*** 0.50*** 0.64*** 0.88*** 0.90*** 0.04 
1.00 -0.19** 0.13* 0.12* 0.22** -0.03 
1.00 -0.003 0.51** 0.45** 0.07 
1.00 0.36*** 
1.00 
0.40*** 
0.97*** 
1.00 
-0.04 
0.15 
0.06 
1.00 
0.51*** 
-0.08 
0.14* 
0.45** 
0.38** 
0.43** 
-0.28* 
1.00 
®See Tables 1.6 and 1.7 for variable details. 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability levels. 
o 
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to increase growth rate. This inability to take advantage of the long­
er growing season can result in negative correlation among provenances 
for growth rates. Problems of "severe winter die-back" and late re­
sumption of spring growth coupled with late bud set exhibited by south­
ern seed sources can produce negative correlations between growth rates 
and total heights and diameter at the end of a given growing season. 
DeWald (et al., 1983) and Genys and Hall (1983) have indicated that 
many of the Northern European sources of black alder often stop growth 
by setting bud early. Thus, a breeder must define what point in the 
growing season he may want to make selections for height or growth rate 
before embarking on individual tree selection. 
Leaf tissue nitrogen lacks any significant correlation with any of 
the traits. Black alder is able to fix atmospheric nitrogen during the 
growing season which is then made available for tree growth during the 
season. From whence it has been suggested that alder leaves are inef­
ficient conservers of nitrogen in their tissue because of the absence 
of an evolutionary selection pressure for such conservation (Kramer and 
Kozlowski, 1979). 
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DISCUSSION 
The relative difference in the rankings of provenances from 
Rhinelander to Humm-Wye, for height, is a reflection of the signifi­
cant provenance x location interaction obtained from combined analy­
sis. Provenance performances follow a north/south transect with north­
eastern provenances growing faster in Rhinelander, Wisconsin while the 
southern provenances have greater heights in Humm-Wye, Illinois. The 
Rhodes location represents a midpoint between Northern and Southern 
latitudes where provenance means indicate that the best performance 
comes primarily from Central European sources such as 591, 592, 511 and 
481 as well as 222. Earlier studies have indicated that seed sources 
from Central Europe would be the best for North Central United States 
(Funk, 1965). Other recent studies (Hall e^ , 1983; DeWald, 1983; 
Genys and Hall, 1983) also support this conclusion. Many of these 
studies have covered the same range of latitudes. Apart from showing 
similar trends our results also indicate that as test sites further 
south below the 40°N latitude are used, provenance performance would 
favor the southern and Mediterranean seed sources. Provenances such 
as 962 suffer considerable die back due to severe winter damage in 
northern latitudes and although they may have fast growth rate during 
the growing season, height growth lags behind the other more winter 
hardy provenances because of winter damage. In the southern test site, 
however, these provenances (962, 682 and 722) benefit more from the 
longer growing seasons, and milder winters. Kellison and White (1979) 
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observed that more southern provenances rather than the Central Euro­
pean sources would perform best in the Southern United States. They 
found that sources from Romania were generally superior to those from 
Denmark and Sweden for survival rates and total height among 3- and 
4-year-old alder trees planted at different sites in the Southeastern 
United States. Results presented here are for trees ranging from 3 to 
5 years old and the results are similar to those reported for North 
Central and Northeastern United States (DeWald et , 1983; Hall et 
al., 1983) and for Southern United States (Kellison and White, 1979). 
Hall and Miller (1983) have recommended three to four years as an ade­
quate evaluation period for alder provenances. Based on this recom­
mendation, and if total height is the main trait for selection with re­
gards to stand establishment, then southern seed sources should be used 
in the South, while Central European seed sources should be used in the 
North Central Region and Northern sources be planted in the more colder 
and northern sites of the United States. However, as indicated by 
Wright (1976) many factors contributing to this type of variation are 
unknown or only very little is known, therefore our recommendations may 
be modified by further tests. 
Genys and Hall (1983) have reported tremendous variation within 
and between populations from the same country and similar regions for 
growth rates in one-year-old seedlings. When actual growth rates were 
evaluated, similar variations were observed. Growth rates were, in 
general, highest for Southern and Central European sources compared 
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to the northern seed sources. Summer growth rate (1982) within the lo­
cations ranked 975 highest in Rhodes, 682 and 222 for Rhinelander and 
Humm-Wye respectively, even though these seed sources did not have the 
tallest trees during that period. Similarly, for spring and summer 
growth rates in 1983 the same seed sources ranked at the top except 561 
in Rhinelander. Several factors affect growth rate at any given time. 
Some of these include bud-burst and bud set. Provenances from northern 
sources tend to break-bud early and only utilize a very short portion 
of the growing season before setting bud and so remain stunted (Genys 
and Hall, 1983). This may explain why the Scottish provenance (131) 
attained a short height and relatively slower growth rates especially 
at Rhodes and Humm-Wye. The Dutch seed source (614) on the other hand 
•from a higher latitude has a faster growth in Rhinelander. Southern 
and Central seed sources which are capable of rapid growth rate through­
out the growing season often suffer severe die-back resulting from winter 
damage due essentially to a failure in setting buds prior to the onset 
of the winter season. Other factors that lead to slower growth rate in­
clude the relative stage of reproductive growth, level of fertilization, 
etc. 
Alder trees are known to contribute significantly to height growth 
of other tree species when planted in mixtures with such trees (Hansen 
and Dawson, 1982). Apart from fixing nitrogen, the litter from leaf 
fall of alder trees contribute considerable amounts of nitrogen to 
the soil (Mikola, 1958; Turner al., 1976) cited in Dawson and Funk 
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(1981). With regards to geographic variation, provenances 962 and 
975 (Italian sources), 222 (Danish) and 131 (Scottish), ranked highest 
in 1982, while 561 and 592 along with 131 had the highest leaf tissue 
nitrogen in 1983. This would indicate that leaf tissue nitrogen may 
not be very well correlated with height growth (Miller, 1983). Since 
alder trees fix their own nitrogen, the need for a retranslocation of 
nitrogen from leaves to growing points such as leaf buds, may not be 
necessary (Dawson and Funk, 1981). Means for leaf tissue nitrogen were 
generally lower than those reported by Dawson and Funk (1981) because 
these have been transformed. 
The results obtained for diameter are consistent with those of 
Funk (1973), and Kellison and White (1979) with the tallest trees 
generally having the largest diameter. However, diameter was more 
strongly correlated with most of the other traits. Miller (1983) and 
Hall (et al., 1983) have all emphasized the need to select for diameter 
rather than height under intensive culture. Because of the strong 
correlation between height and diameter, it may be more advantageous to 
select for diameter rather than height. This way, other traits will 
not be deliteriously affected by an improvement in diameter. 
Flower production was greatest among Central European sources which 
would indicate that the tallest and faster growing provenances produced 
more flowers in 1982 and 1983. Similar results have been obtained 
previously (Funk, 1973). However, Funk noted that such increased 
reproductive growth resulted in the decline of total height among 
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older alder trees in later years. To evaluate the general concern 
of the negative influence of reproductive growth on vegetative growth, 
we plotted histograms comparing total heights, growth rates, and flower 
production in three provenances at the Rhodes and Rhinelander locations. 
These provenances were 222 (presently non-flowering), 481 (moderately 
flowering, and 592 (heavy flowering) . It was observed that in 1982 
222 had a slower growth rate than either 481 or 592, but by 1983, it 
had a faster growth rate than both seed sources that have increased 
their reproductive growth in terms of flowering and fruiting (Figure 3). 
The heights of 592 and 481 remained taller because of the initial height 
gains they had made in the early years of plantation establishment. 
This result is consistent with the fact that as a plant moves into the 
reproductive phase, nutrients are diverted from vegetative parts to the 
reproductive parts which now become the new sinks. Thus, in designing 
Alnus selection and breeding programs questions about early flowering 
and subsequent growth declines need to be asked. However, 591 and 592 
(the Hungarian provenances) will be extremely valuable as sources of 
genetic exchange material where early breeding work may be desired. 
Twice as many female as male flowers were observed from our de­
tailed flower production study in Rhodes. Many more flowers were 
produced at three meters height compared to 2 meters and 1 meter 
in height (Table 1.13). Relatively a similar number of flowers were 
observed for the north and south cardinal, points of the trees. These 
results would indicate that insolation may not play any significant 
Table 1,13. Flowering characteristics in Alnus glutinosa in relation to cardinal direction and 
tree height . 
a 
Flowering parameter 
Cardinal direction Tree height (m) 
N S 1 2 3 
# of branchlets/per branch 392 411 378 438 388 
# of flowering branchlets 31 34 4 37 57 
# of infloresences 33 49 8 32 84 
# of male flowers 28 30 2 34 31 
# of female flowers 48 50 4 53 89 
# of hermaphrodites 4 14 0 1 4 
Ratio of male to female (p) 0.58 0,60 ,50 ,64 ,35 
Flowering percent/branch 8 12 2 7 21 
Percent male flowers 7 7 0.5 8 8 
Percent female flowers 12 12 1 12 23 
^Values for flowering parameters are based on rep means. 
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role in the flower distribution on alder trees. However, the position 
in relation to tree height from which flower buds are produced may 
be of more importance. This may be related more to gravimorphism, 
translocation of nutrients and adaptation for cross pollination. 
Flowers borne on higher branches are better exposed to receiving pollen 
from other plants either through wind or insect pollination mechanisms. 
Also, at higher levels within trees chances for self-pollination are 
also greatly reduced, as a result of better gene flow (pollen dispersal) 
thereby preventing inbreeding. It should, however, be noted that Alnus 
glutinosa does show self incompatibility in its breeding systems. It 
has been suggested for Scot pine (Pinus sylvestris) that during the 
intensive growth of shoots in early summer when flowers are being 
initiated the movement of nutrients is primarily acropetal and centrif­
ugal up and away from the trunk or stems with older needles on them 
(Kosinski and Giertych, 1979) thereby making the lateral shoots the 
strongest sinks for nutrients. Because of their rapid growth and 
adequate supply of nutrients, these branches may initiate more flower 
buds (Warreing, 1958) . This may be the explanation for the lack of any 
directional significance in our observations. More work needs to be 
done in this regard in A. glutinosa. The greater numbers of female 
flowers compared to males may be an adaptative strategy on the part of 
the species for fitness. Moreover, since each male strobili possesses 
several thousand pollen grains, the need for an equivalent number of 
male and female strobili is, therefore, not important. 
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Significant correlations between height, diameter and flower 
production have been reported previously (Funk, 1973; Hall et al., 
1983). However, as pointed out by Funk (1973) increased reproductive 
growth of alder trees in later years often led to a decline in vegeta­
tive growth. Thus, in early years of plantation growth, faster growing 
trees of early flowering genotypes would produce large amounts of 
flowers and still remain the tallest trees in the plantation. However, 
as the plantation ages the rate of vegetative growth declines. This is 
amply demonstrated in Figure 1.4 of this paper. Provenance 592 along 
with 481 from Hungary have had some of the tallest trees in many of the 
test plantations. They have also been very productive with regards 
to flower production in the 1982 and 1983 growing seasons. But as shown 
in Figure 1.4, provenance 222 which presently is non-flowering has 
such increased growth rate that it could surpass 592 or 481 in the next 
growing season. 
Regression equations were developed to estimate total heights, 
diameter, growth rates, volume, leaf tissue nitrogen, and flowering as 
functions of latitude, longitude and elevation. In almost every case 
the regression coefficients were non-significant at the 0.05 probabil­
ity levels. This may be due to the fact the 17 provenances used in 
the present studies come from a limited area of the natural range of 
Alnus glutinosa. Other studies involving a much wider area have shown 
significant relationship between latitude of origin and bud set (May-
nard and Hall, 1980; DeWald, 1983). It should also be noted that bud 
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set is a phenological variable that is influenced less by environment­
al conditions than the growth traits that we have evaluated. 
Conclusions 
1. There is a definite geographic variation among the Alnus 
glutinosa provenances for height, diameter, volume and growth 
rates. 
2. Leaf tissue nitrogen should no longer be emphasized in a future 
breeding program rather, it is suggested that the mechanisms 
for Ng fixation in alder be better understood so that selected 
trees will be those that maximize the use of atmospherically 
fixed nitrogen. 
3. Diameter was more closely related to many of the traits com­
pared to heights and hence the need to emphasize its use in 
future selection programs. 
4. Because of the significant location x provenance interaction, 
selection and breeding work should be done within each climatic 
zone. Thus, for Rhodes, Iowa and for similar climates in the 
Central United States, seed sources like 592 and 591 (Hungarian 
seed sources) should be used, while for southern Illinois and 
its surrounding localities Italian (962) and French (682) 
seed sources are the best to plant. For Wisconsin and areas 
with similar environmental conditions, the Polish and Baltic 
(561 and 541) seed sources are the best to grow. 
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INTRODUCTION 
Short rotation forestry with intensively cultured trees at close 
spacing has received considerable attention as a means of biomass pro­
duction for fuel and energy needs (Hall, 1982). Many of the hardwood 
tree species evaluated are generally fast growing and have a high 
coppicing propensity. This ability for regeneration from sprouts makes 
the use of these tree species more attractive to energy planners as 
alternative energy sources. 
Unlike conventional forestry where height growth for long and 
clear logs has been emphasized, under intensive culture, other traits 
such as specific gravity (SG), bark percentage, and field moisture 
content need to receive greater attention especially when fuel values 
are considered (Hall, 1982). Wood specific gravity (SG) is important 
not only because it influences pulp yield and pulping characteristics 
as well as strength properties, it also affects the energy content of 
a given volume of wood. Moisture content on the other hand affects 
storage and drying properties, transportation and mechanical conversion 
processes, as well as susceptibility to fungal attack (Sennerby-Forsse, 
1982). Harder and Einspahr (1976) have indicated the relative importance 
of fuel values of bark from different hardwood species. Also, there are 
indications that the heat content of bark may be equal to or better 
than that of wood per se (Kellison and White, 1979; Hall, 1982). It 
has been suggested that improvement in many of these properties in 
hardwood tree species can be made through genetics and management 
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practices (Bendsten, 1978). However, except for a limited number of 
studies dealing mostly with specific-gravity (Morin, 1974; Kellison 
and White, 1979; Vurdu and Bensend, 1979; Geyer, 1981; and Robison, 
1984), information on wood properties in Alnus glutinosa is still very 
limited. 
At Iowa State University, a selection and breeding program was 
initiated in 1979 to evaluate European black alder provenances for 
biomass production and other uses (Robison ^  al., 1978; Maynard and 
Hall, 1980; Robison and Hall, 1981; Hall and Miller, 1983; and Hall 
et al., 1983). In this paper, we report on wood and biomass qualities 
for black alder trees at ages of 3, 4 and 5 years. Implications for 
genetic improvement are discussed. 
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MATERIALS AND METHODS 
Details of the materials used here have been reported elsewhere 
(Hall et al., 1983; Onokpise and Hall, 1984). Briefly, from an on-going 
range-wide provenance study involving 48 seed sources from Europe, a sub­
set of seventeen provenances growing in three locations were selected 
for the evaluation of genotype x environment interaction in Alnus 
glutinosa. Trees from these selected provenances provided the sources 
for the evaluation of some biomass properties. 
Field sampling 
For each provenance in three different locations; Iowa, Wisconsin, 
and Illinois, two branches on the previous year's stem growth (Figure 
2.1) were obtained from each of four systematically selected trees in 
8-tree plots in two replications. The branches were placed in poly­
thene bags and stored in the freezer prior to processing in the labora­
tory. Branch samples were collected in both the falls of 1982 and 1983. 
A total of 1,450 branch samples were evaluated for the effects of 
sampling year and location combined. 
Laboratory analysis 
Five-centimeter (2-inch) long branch segments were obtained from 
the field—sampled branches for the determinations of "field" moisture 
content (FMC), bark percentages, maximum moisture content (MCX) and 
specific gravity determinations. 
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Y 
Note: Current year's growth increment-is identified by the region 
of bud scars for the new flush of growth in the current year. 
Figure 2.1. Branch sampling for biomass properties 
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For FMC, the 5 cm branch segments were weighed to obtain the 
"green" weight of wood with bark. They were then oven dried at 105° + 
2°C for twenty-four hours to obtain the dry weight of wood with bark. 
FMC was expressed as a percentage of dry weight of wood with bark. 
These same-oven dried segments were then boiled in water for two 
to three hours in order to loosen the bark and also to saturate the 
wood. Bark was separated by scraping with the outer edge of a forcep. 
Debarked samples were immediately reboiled for an additional one hour 
to obtain "completely" saturated wood samples. Surface moisture was 
removed from the saturated wood with tissue paper. These saturated 
wood samples were used to determine green volume by water displace­
ment, after which they were oven-dried at 105° + 2°C for 24 hours 
to obtain oven-dry weight of wood without bark. All weights were taken 
to the nearest 0.01 gram. 
Bark percentages were expressed as percentage of the oven-dry weight 
of wood with bark. Maximum moisture content of wood without bark was 
also obtained as a percentage of oven-dry weight after calculating the 
difference between the wet weight and oven-dry weight of wood without 
bark. Specific gravity was computed using the maximum moisture content 
formula of Smith (1954). A biomass score for each provenance was 
determined on the basis of the following formula: BS = Vol. x SC. 
Where BS = biomass score. Vol. = Volume in cubic centimeters which 
is obtained from a Volume formula for alder (Hall, 1984, unpublished 
manuscript. Department of Forestry, Iowa State University, Ames, Iowa) 
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2 
as Vol. = 550.29 + (0.344D H) ; whereD = diameter (cm) at navel height 
(1 meter); H = height (cm) and SG = specific gravity. Data for height 
and.diameter have been previously reported (Onokpise and Hall, unpub­
lished manuscript, Dept. of Forestry, Iowa State University, Ames, 
Iowa). 
Analysis of variance was performed for the observed variables us­
ing average tree values. Regression equations relating each variable 
to three geographic variables of the origin of the seed sources were 
calculated according to the regression analysis of Snedecor and Cochran 
(1967) on the basis of provenance means. Simple (phenotypic) correla­
tion coefficients were then computed amongst the various characters 
within each location. 
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RESULTS AND DISCUSSION 
Field moisture content 
Mean field moisture content (FMC) of wood with bark varied across 
locations and within locations (Table 2.1). However, few differences 
were found among provenance means by the Duncan's multiple range test. 
Mean FMC values varied from 92 percent to 118 percent among provenances 
while location means ranged from 94.8 to 106.6 percent. Analysis of 
variance showed no significant differences among provenances. Simi­
larly, the provenance x location interaction effect was non-significant. 
Thus, selection for field moisture content can be done at one location 
for the other two locations. However, this result is based on branches 
and so caution needs to be taken when making such decisions. Further­
more, branches were sampled after bud set so that the field moisture 
content of wood and bark may have stabilized at the end of the growing 
season. Studies on seasonal moisture content for fifty-year-old trees 
of yellow-poplar (Liriodendron tulipifera L.) showed no significant 
difference for total wood moisture content over the growing season 
(Phillips and Schroeder, 1973). Bark moisture content was, however, 
significantly different over the growing season. For young trees, the 
FMC may not vary too widely especially when small branch segments are 
utilized as was the case of the present studies. Manwiller (1975) 
found no significant difference among small-diameter hardwood species 
growing on southern pine sites for branch wood and branch bark moisture 
percentages. With regards to provenance selection, any of the prove-
Table 2.1. Means of field moisture content, maximum moisture content, bark percentage, specific 
gravity and biomass score for Alnus glutinosa provenances combined over locations 
and years. Rankings are highest to lowest according to Duncan's Multiple Range Test^ 
Field moisture Maximum moisture Specific Biomass 
Prov content (%) Prov content (%) Prov Bark (%) Prov gravity Prov score (gm) 
962 118 795 186 962 50 722 0.444 561 1916 
614 107 614 178 131 44 591 0.436 481 1804 
541 105 975 177 614 42 682 0.435 1 722 1650 
131 102 592 176 975 42 481 0.435 591 1624 
633 102 511 176 541 41 962 0.435 ' 592 1504 
975 101 541 175 592 41 561 0.435 724 1491 
795 100 451 174 511 41 222 0.433 614 1402 
592 100 633 172 222 41 724 0.433 962 1393 
511 99 724 171 481 41 633 0.432 511 1377 
481 99 131 170 451 41 131 0.428 541 1255 
451 98 682 168 633 40 541 0.425 222 1190 
682 97 481 167 722 40 451 0.420 451 1148 
591 97 222 167 591 39 592 0,420 633 1115 
561 97 561 167 682 39 614 0.419 682 1112 
222 97 591 166 561 39 975 0.419 795 1075 
722 94 722 163 724 38 511 0,418 131 . 841 
724 92 962 157 795 38 795 0.416 975 664 
Overall mean 100 171 41 0,428 1245 
SE 22 13 8.90 0,024 453 
^Means connected by the same line are not significantly different at 0.05 probability levels. 
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nances from the Central European range could be selected for planting 
if field moisture content is a selection criterion. 
Maximum moisture content of wood without bark 
When all spaces in the wall and cell lumen are fully saturated 
with water, wood is said to have attained maximum moisture content 
(MCX). Analysis of variance showed significant difference among 
provenances only at the Rhinelander location (Table 2.2). This may 
have contributed to the significant effect observed in the combined 
analysis of variance (Table 2.3). Mean maximum moisture content varied 
from 157 percent to 186 percent among provenances over all locations. 
Differences in MCX may be attributed to the rate of moisture absorption 
of wood from the different locations, with more mature wood absorbing 
more water than juvenile wood. No pattern of variation was detected 
among provenances for MCX. However, rankings of provenances varied 
from one location to the other. The Rhinelander location showed bet­
ter differentiation of provenance means when subjected to Duncan's mul­
tiple range test. Because branch wood has been used in our MCX deter­
mination, differences among provenances may not be very significant. 
The results are, however, within the range of MCX for many hard wood 
species (Panshin and DeZeeuw, 1980). 
Bark percentages 
Bark accounted for 33 to 40 percent of oven dry weight of material 
at the Rhodes location. The values were 40 to 48 percent in Rhinelander 
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Table 2.2. Analysis of variance for field moisture content, maximum 
moisture content of wood, bark percent and specific gravity 
using 1982 and 1983 combined data within locations 
Mean squares 
Source of Variation df Rhodes Rhinelander Humm-Wye 
Field moisture content 
Years (Y) 1 2632.96*** 1496.86*** 428.69 
Reps within Y 2 11.46 167.08 1777.12 
Prov 16 73.29 89.83 1005.38 
Prov X Y 16 (15) 21.70 98.59 1172.59 
Error 31 (22) 78.90 103.46 1572.29 
Maximum moisture content of wood 
Y 1 3939.37*** 4630.17*** 1860.70** 
Reps within Y, 2 20.22 590.50** 269.19 
Prov 16 174.55 546.34*** 455.47 
Prov X Y 16 (15)® 169.10 555.51*** 290.83 
Error 31 (22) 127.42 84.48 305.04 
Bark percentages 
Y 1 452.25*** 98.25*** 284.61 
Reps within Y 2 10.90 20.28* 348.73 
Prov 16 13.44 9.74 196.01 
Prov x Y 16 (15)* 9.33 3.97 193.35 
Error 31 (22) 10.04 7.55 264.67 
Specific gravity 
Y 1 0.0155** 0.0097*** 0.0025 
Reps within Y 2 0.0001 0.0008* 0.0039** 
Prov 16 0.0007 0.0007** 0.0010 
Prov X Y 16 (15)* 0.0008 0.0003 0.0011 
Error 31 (22) 0.0007 0.0002 0.0009 
Degrees of freedom for the Humm-Wye location due to missing plots. 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability 
levels respectively. 
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and 37 Co 69 percent at the Hunnn-Wye location. Across all locations, 
bark percentages ranged from 38 to 50 percent with a n>ean of 41 percent 
(Table 2.1). Again, no pattern of variation was found among provenances 
across locations. The analysis of variance showed no significant 
difference among provenances within locations and locations combined. 
Bark percentages obtained here are slightly higher than those reported 
for black alder by Geyer (1981) for small diameter samples. Because of 
the absence of significant effects among provenances, any one of them 
can be selected for bark content production for fuel needs. 
Specific gravity 
Mean specific gravity values varied from 0.416 to 0.444 over all 
locations (Table 2.1). Except for Rhinelander, analysis of variance 
showed no significant difference among provenances (Table 2.2). There 
was also neither significant provenance x location or provenance x year 
interaction effects (Table 2.3). The values obtained for branch wood 
specific gravity are lower than those of Vurdu and Bensend (1979) and 
Morin (1974). They are, however, similar to those reported by Geyer 
(1981) for 2-year-old alder trees. Generally, small diameter hardwood 
material tends to be denser than their corresponding larger trees 
(Manwiller, 1979). Vurdu and Bensend (1979), observed that branch wood 
of 2-8 year old trees had higher but not significantly different specific 
gravity than either stemwood or wood obtained from roots. However, as 
pointed out from the studies of Manwiller (1979) significant differ-
79 
Table 2.3. Combined analysis of variance for 
with years and locations combined 
FMC, MCX, BARK and SG 
Mean squares 
Source df FMC® MCX*^ BASK SG*^ 
Year (Y) 1 4057** 2868** 0.519* 0.0106** 
Location (L) 2 2329* 1447** 1703* 0.0047** 
L X Y 2 191 3789** 415 0.0084* 
Reps within Y in L 6 652 293 127 0.0008 
Prov 16 353 518* 84 0.0004 
Prov X Y 16 796 275* 74 0.0004 
Prov X L 32 408 275* 68 0.0009 
Prov X Y X L 31 476 379 62 0.0008 
Error 80 498 162 79 0.0006 
Corrected Total 186 
^FMC = field moisture content. 
*^MCX = maximum moisture content. 
^SG = Specific gravity. 
*, ** Significant at 0.05 and 0.01 probability levels. 
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ences between branch wood and stemwood are unlikely because of the 
relative juvenility of both sections of wood during the early years 
of growth. 
Biomass score 
There was greater variation for biomass score than any of the 
other properties previously discussed (Table 2.1). Also, there was 
geographic variation among the provenances within locations. For ex­
ample, the two Hungarian seed sources (591 and 592), one Polish source 
(561) and one West German source (481) had higher biomass scores than 
the other provenances in Iowa. These same seed sources ranked higher 
in Rhinelander. However, at Humm-Wye the one Yugoslavian source and 
one French source ranked highest. Although, there were changes in 
relative rankings within locations only a few seed sources had signifi­
cantly higher biomass score than the other provenances. For example, in 
Rhinelander only 561 was significantly different from the other 16 prov­
enances by the Duncan's multiple range test while at Rhodes 131 and 975 
were significantly different from 561. At Humm-Wye, provenances could 
be divided into two groups of high and low biomass scores with the more 
southern sources except for 975 being grouped as high and the northern 
sources as having low biomass production at Humm-Wye. Because biomass 
score has been obtained from height, diameter and specific gravity data, 
variations in any one of these characters will also be reflected in 
the biomass score. Significant geographic variation has been reported 
for height and diameter among the same set of seventeen provenances 
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(Onokpise and Hall, 1984, unpublished manuscript. Dept. of Forestry, 
Iowa State University, Ames, Iowa). Since there is very little geo­
graphic variation for specific gravity, increased biomass production 
will be attained by identifying provenances adapted to different en­
vironment for height and diameter growth and making selections in those 
environments. 
Correlations between traits 
Trait : trait correlations indicate significant negative correla­
tions between moisture content (field and maximum) and specific gravity 
and total biomass especially at Rhodes and Rhinelander (Table 2.4). 
Thus, the denser the wood material the lesser the moisture content and 
vice versa. This is not unexpected for small diameter samples especially 
coming from juvenile wood (Manwiller, 1975). Xylem vessels of these 
small juvenile materials lack tyloses and other substances that may 
prevent water absorption and accumulation. Similarly, cell wall fibres 
are still undergoing lignification thus making it possible for more 
air space along with cell lumen to be available for water accumulation. 
Bark content is, however, significantly, but weakly, correlated with 
moisture content. From a fuel wood production sense, this relationship 
is particularly interesting. This is because provenances with higher 
specific gravity and relatively high bark contents will require less 
energy for drying and are, therefore, likely to have a higher fuel 
value compared to provenances that have high moisture content. Tree 
improvement for biomass production is enhanced by this relationship. 
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Table 2.4. Sinçle correlation coefficients for biomass properties in 
Alnus glutinosa within plantation sites 
SG (X4) 
Correlation coefficient 
=3 =4 Variable® X, X„ X^ X, X. 
Rhodes-Iowa • 
FMC (X^) 1.00 0.69** 0.06 -0.58** -0.42** 
MCX (X.) 1.00 -0.21 -0.93** -0.29 
BRK (X_) 1.00 0.05 -0.19 
1.00 0 .26 
BS (Xg) 1.00 
Rhinelander-Wisconsin 
1.00 0.38** 0.21* -0.40 0.001 
X_ 1.00 0.05 -0.89** -0.19 
X. 1.00 -0.12 -0.52** 
X, 1.00 0.18 4 
Xg 1.00 
Humm-Wye-lllinois 
X^ 1.00 -0.38** 0.96** -0.38** 0.17* 
X. 1.00 -0.43** -0.65** -0.42 
X_ 1.00 -0.37** 0.07 
X, 1.00 0.31** 
4 
Xg 1.00 
^Details of variables are given in Table 2.1. 
*, ** Significant at 0.05 and 0.01 probability levels. 
83 
ship since by selecting provenances with dense wood, the breeder 
could at the same time select against high moisture content. However, 
because fast growing species such as black alder grown in short rota­
tion forestry may be needed by other areas of the forest industry (e.g. 
for pulping) and because the requirements for pulping differ from 
those of fuel wood production, some form of index selection may have 
to be established. In this way, fuel wood materials will be emphasized 
where that is the requirement while pulping properties will be given 
more attention if that is the need of the industry. 
Regression equations were developed to estimate FMC, MCX, bark 
percent, specific gravity, and biomass score as functions of latitude, 
longitude and elevation. In every case, the regression coefficients 
were non-significant at the 0.05 probability levels. This may be due 
to the fact that the 17 provenances come from a limited area of the 
natural range of Alnus glutinosa. 
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INTRODUCTION 
Alnus glutinosa has a wide range of distribution in Europe, North 
Africa, and the Middle-East. Its potential for use in North America 
especially in the North Central United States has been recognized 
through early provenance trials (Funk, 1965, 1973). More recently, 
Alnus glutinosa improvement has been suggested as a model system to 
answer important questions in tree breeding such as the introduction 
and use of exotic species, the use of different breeding strategies, 
and the potential for clonal plantations (Hall e^ al., 1983). Be­
cause of its ability to fix nitrogen, coupled with a rapid growth rate 
and its use in land reclamation (Dale, 1963; Funk, 1973; Plass, 1977), 
A. glutinosa has become an attractive hardwood tree species to many 
tree breeders in the North Central Region, particularly with regards 
to short rotation intensive culture. 
Selection of better plant types for important tree characters is 
very much influenced by the amount of information available from 
inheritance studies. A knowledge of the inheritance of a given trait 
would help the tree breeder to genetically manipulate such a trait 
for the improvement of plant genotypes. Heritability estimates could 
be in the broad sense or narrow sense (Falconer, 1981), depending on the 
genetic groups used for their estimation. The former makes use of total 
genotypic variance while the latter involves additive genetic variance. 
For many provenance and clonal studies, heritability estimates are of 
the broad sense type because of the inclusion of the non-additive genetic 
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variance in the genotypic variance component. Heritability estimates 
are dependent upon the conditions and methods of their computation 
(Namkoong et al., 1966) and will, therefore, strictly apply only to the 
experimental materials for which they have been estimated. Heritability 
estimates are also very important for computing predicted genetic 
gains especially at the initial stages of a tree improvement program. 
Genetic correlations can be estimated for different traits mea­
sured on the same individuals. This type of correlation has been 
referred to as Type A (Surdon, 1977); such correlations are very important 
if the tree breeder is selecting for more than one trait at a time. 
This enables the breeder to modify his selection program to take advan­
tage of traits that are positively correlated. Thus, if two traits 
are positively correlated, he could concentrate on one trait while at the 
same time improving the second trait. Characterization of environments 
through the use of genetic correlations (Type B) has been suggested 
by Surdon (1977) . This is based on the concept of considering performance 
in each environment as a distinct trait. It is a concept that was first 
propounded by Falconer (1952, 1981). Theoretical procedures for this 
type of genetic correlation have been developed (Robertson, 1959; 
Yamada, 1962, Dickerson, 1962; and Fernando £t a^.> 1984); and applied 
to some programs in crop breeding (Tai, 1974), animal breeding (Schein-
berg, 1973) and tree breeding (Surdon, 1977). Type B genetic correlations 
can be very important in tree improvement because of the reduced cost 
that could be obtained by selecting in one location for improvement at 
another location, especially when the long generation span of the trees 
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and land areas required for testing are considered. Information on 
heritabilities and Type A and B correlations for Alnus glutinosa are 
generally lacking or very limited. Hall (1983) reported broad 
sense heritability of 0.32 and 0.59 for height and diameter respective­
ly in two-year old A. glutinosa clones. 
This paper, therefore, reports on heritability (broad sense) es­
timates and both types of genetic correlations along with predicted 
genetic gains in A. glutinosa. 
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MATERIALS AND METHODS 
Seventeen Alnus glutinosa provenances were evaluated for growth 
and biomass properties in three locations: Rhodes, Iowa; Rhinelander, 
Wisconsin; and Humm-Wye, Illinois. Details of the experimental pro­
cedures have been reported elsewhere (Onokpise and Hall, 1984a, b). Data 
were obtained for total height, diameter, leaf nitrogen, field moisture 
content (FMC), maximum moisture content (MCX), bark percentages, spe­
cific gravity (SG) and flowering habit. Additional data were derived 
for volume (Vol), seasonal growth rate and wood biomass, using field 
data information. All data were collected during the 1982 and 1983 
growing seasons. 
Statistical analysis 
Mean plot values for each trait except volume and biomass were 
analyzed on the basis of years combined for each location; years and 
locations combined; and for each year within a location. Variance 
and covariance components computed for volume and biomass were based 
on replication means. Using the general linear model of the Statisti­
cal Analysis System (Helwig and Council, 1979) the appropriate mean 
square expectation for estimating variance and covariance components 
were determined (Table 3.1). The models used for the variance and co-
variance components were as follows: 
Aijkq = m + p + 1 + y + (pi) + (py)., 
1 J K- Ij IK. ^2) 
+ (ly)ik + rjkq + r(plj) + eijkq 
Table 3.1. Analysis of variance with expected mean squares and cross products for variance 
component determination 
Combined analysis of variance and covariance for years and locations combined 
Source df Expected mean squares (cross products) 
Years (Y) 
Locations (L) 
Y X L 
Reps within Y and L 
Prov 
Prov X Y 
Prov X L 
Prov X Y X L 
Error 
Reps within L 
Prov 
Prov X L 
Error 
Y - 1 
L - 1 
(Y - 1)(L - 1) 
LY(r - 1) 
(P - 1) 
(P - 1)(Y - 1) 
(P - 1)(L - 1) 
(P - 1)(L - 1)(Y - 1) 
LY(P - l)(r - 1) 
Locations combined within years 
L - 1 
L(r - 1) 
P - 1 V + rV 1 + rlV 
e pi p 
(P - 1)(L - 1) Vg + rVpj 
L(P - l)(r - 1) 
V + rV , + ryV , + rlV + rylV 
e pyl pi py p 
\ + 'Vpyl + '"py 
"e + '%yl + ryVpl 
V + rV 
e py 
V 
e 
^1P2> 
%lp2^ 
Within years within locations 
Reps r - 1 + rVp (Vp^pg) 
Prov P - 1 + rVp (Vp^pg) 
Error (P - l)(r - 1) V 
^Where 
V = Error variance. 
e 
Vp = Genotypic variance due to the provenances. 
V 1 = Variance due to year x location x provenance interaction. 
pyl 
V = Variance due to provenance x year interaction. 
py 
V , = Variance due to provenance x location interacaion. 
pi 
V = Covariance between characters 1 and 2 in each location. It also represents 
" " covariance between groups at environments x and y respectively. 
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Aijk = m +pu + Ij + (pl)ij + eijk (2) 
Aij = m + + eij (3) 
where 
Aijkq = Overall mean performance of the provenance in the 
qtli replicate, in the location, in the year. 
Aijk = Overall mean performance of the i^^ provenance in the 
k replicate in the location. 
Aij = Overall mean performance of provenance in the j^*^ 
location. 
m = Overall mean of all provenances over all locations 
over all years/overall mean of all provenances over 
all replications. 
p^ = Average effect of the i^^ provenance. 
1j = Average effect of the j^^ location. 
y^ = Average effect of the k^^ year. 
(pl)ij, (py)ik> (Ly)jk and (ply)ijk are interaction effects 
of provenance x location, provenance x years, location x years 
and provenance x years x location respectively. 
r. , = Effect of the q^^ replication in the j^^ location in 
the year. 
e, = Residual for the observation on the i^*^ provenance in 
the q^^ replication at the j^^ location in the k^-b 
year. 
eijk and eij are replication effects in the j location in 
the k*-^ year. 
Calculation of heritability estimates and genotypic correlations 
Estimates of heritabilities for each character were obtained as 
follows: 
h(») -
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tu . = V /(V + V /I + V /Ir) (b) g S ge e 
= V /(V + V /ly + V /lyr) (c) g g ge e 
where 
= Variance due to genetic groups (provenances). 
= Variance due to genotype x environment interaction. 
V = Error variance. 
e 
1, y and r = number of locations, years and replications 
respectively. 
2 h . = Heritability estimates from each year in each location, 
la) 
2 h, . = Heritability estimates from locations combined within 
each year. 
2 h = Heritability estimates from locations and years combined, (c) 
Also, V = V , where V = variation due to provenances, 
g P P 
V  =ar V  1 + V  4 -  V  _  o r  V  .  d e p e n d i n g  o n  t h e  h e r i t a b i l i t y  
ge pyl py pi pi 
estimate computed. 
Assuming that the top 5 percent of the population will be saved 
in a future selection program, the predicted or potential genetic gain 
could be estimated according to the formula: 
Gs = h^V^K (Falconer, 1981). 
where 
Gs = Expected genetic gain. 
2 h = Heritability estimate. 
Vg = Phenotypic standard deviation. 
k = Selection intensity, here assummed to be 5 percent or 
2 . 0 6 .  
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Calculation of geaotypic correlations 
Genetic correlations within locations (Type A) and between locations 
(Type B) (Falconer, 1981; Burdon, 1977; Yamada, 1962) were then computed 
as follows: 
r = ' y 
Gx • y 
V • V 
X y 
r_ = Genotypic correlations between environments x and y for 
^ ^ each character. And also genetic correlation between 
character x and character y for each location. 
Gov = Covariance between x and y within each environment and 
^ ^ each location. 
V and V = Variances between groups at environments x and y 
^ respectively for each character. 
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RESULTS AND DISCUSSION 
Genotypic variances for estimating heritability varied from location 
to location (Table 3.2). Since the magnitude of genotypic variances 
are dependent on the means of the character studied, the larger variances 
obtained for height are reflective of the larger mean height values. 
However, genotypic variances suggest the presence or absence of genetic 
variability in a breeding population (Dudley and Moll, 1969). The 
proportion of this genotypic variance relative to total phenotypic 
variance gives the heritability estimates. 
Broad sense heritability estimates 
The estimates of heritability for the various characters were de­
termined (Table 3.3.). Generally, estimates were lowest at Rhodes and 
highest in Rhinelander except for specific gravity and flowering. Al­
though, the characters evaluated for heritability showed significant 
variation from one location to the next, flower production exhibited 
relatively stable estimates. Similarly, there was a significant reduc­
tion in heritability estimates for height and diameter from combined 
location analysis. Although reductions were obtained for specific grav­
ity and flowering, these were considered non-significant. Thus, height 
and diameter in Alnus glutinosa are under strong environmental control 
and as such, improvement of these characters must be done for each en­
vironment. Highly significant provenance x environment interaction ef­
fects have been previously obtained for these two characters (Hall e^ 
Table 3.2. Genotypic variances for growth and biomass characters among Alnus glutinosa 
provenances® 
Locations combined Years and 
Character^ Rhodes Rhinelander Humm-Wye in years locations combined 
Height 1357.04 (39) 2560.49 (78) 2254.04 (65) 742.35 (19) 683.95 (21) 
Diameter 0.064 (83) 0.681 (67) 0.21 (41) 0.149 (23) -
GRWl 32.46 (11) 6.34 (5) 29.57 (8) 16.95 (7) 
GRW2 13.13 (5) 54.39 (36) 46.78 (27) 18.09 (9) 
GRW3 72.71 (9) 27.07 (18) 101.94 (27) 0= 
LTN 0.0005 (3) 0.006 (55) 0.002 (33) 0.0007 (14) 
FLOW 0.067 (82) 0.045 (78) 0.07 (71) 0.0485 (62) 0.0478 (61) 
FMC 2.186 (3) 16.17 (14) 0 2.66 (6) 11.56 (2) 
MCX 26.75 (17) 256.69 (75) 23.87 (6) 5.70 (5) 17.55 (7) 
BARK 0.85 (7) 0.323 (4) 1.67 (0.5) 2.644 (3) 0.26 (0.3) 
SG 0.00006 (21) 0.0005 (13) 0.0031 (52) 0.00002 (3) 0.000022 (3) 
^Values in parentheses are percent contribution to total phenotypic variance. 
''gRWI = Summer growth rate in 1982, GRW2 = Spring growth rate in 1983, GRW3 = Summer growth 
rate in 1983, LTN = Leaf tissue nitrogen, FLOW = Flower production, FMC = Field moisture content, 
MCX = Maximum moisture content and SG = Specific gravity. 
^Negative estimates were regarded as zero. 
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Table 3.3. Broad sense heritability estimates for growth and biomass 
characteristics among seventeen Alnus glutinosa provenances 
Heritability estimates 
h^ 
a ^b 
h2 
c 
Character^ 1^ 2 3 
Height 70 93 88 58 56 
Diameter 45 89 73 39 
GRWl 53 26 27 41 — 
GRW2 32 70 60 47 — 
GRW3 29 48 60 0 — 
LTN 23 88 67 52 — 
FLOW 95 94 85 91 89 
FMC 28 49 12 12 
MCX 48 59 34 21 24 
BARK 33 18 66 26 3 
SG 57 33 54 47 45 
a 2 h = Within location heritability estimates. 
2 h^ = Heritability estimates for locations combined within years. 
2 h^ = Heritability estimates for years and locations combined. 
^See Table 3.2 for character details. 
^ 1 = Rhodes, Central Iowa. 
2 = Rhinelander, Northern Wisconsin. 
3 = Humm-Wye, Southern Illinois. 
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al., 1983; Onokpise and Hall, 1984a). Flower production and specific 
gravity and some of the other biomass properties are under moderate to 
strong genetic control because of the lack of significant reductions in 
their heritability estimates from combined analysis over all locations. 
We also have not found significant provenance x environment interaction 
effects for these traits (Onokpise and Hall, 1984a,b). It should, how­
ever, be noted that estimates based on only one location can lead to 
over estimation of heritabilities (Namkoong ad., 1966; Zobel, 1961). 
Higher estimates obtained for Rhinelander would indicate that environ­
mental conditions at this location, are less variable than either 
Rhodes or Humm-Wye. Therefore, it is able to sort out the provenances 
much better as to their performances within the location. 
Except for bark content, there was no significant change between 
2 heritability estimates for locations combined within years (h^) and 
2 heritability estimates for years and locations combined (h^) for the 
traits, on which estimates were made. Therefore, the year-to-year 
variation is not likely to be a very significant factor in tree selection. 
Surdon (1977) already alluded to this fact when he indicated that year-
to-year climatic fluctuations tend to be averaged over the rotation 
period. Studies on white ash and black alder have shown significant­
ly positive age : age correlations as well (Clausen, 1982; Robison, 
1984). Heritability estimates obtained here are different from those 
obtained on a clonal bases for height and diameter at the Rhodes loca­
tion by Hall et al., 1983. Limited literature makes comparison to other 
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Alnus glutinosa studies difficult. It should however be possible to 
make genetic improvements for these characters in view of the relative­
ly moderate heritabilities obtained for the traits. But, some progeny 
testing will be necessary because the broad sense heritabilities so ob­
tained include non-additive genetic variances. Because of rapid growth 
and relatively early flowering in Alnus glutinosa, progeny testing to 
identify provenances with general and specific combining ability can be 
done relatively early in the breeding program. 
Genotypic correlations 
Trait : Trait correlations--Type A Genetic correlations ranged 
from -0.001 to 0.99 (Table 3.5). Significantly high positive correlations 
were obtained for height, diameter, volume and biomass. Therefore, an 
improvement in any one of these characters will indirectly improve the 
other three. Most of the other genotypic correlations even though 
significant were generally small. As would be expected, flower production 
had non-significant correlations with many of the characters except 
height, field moisture and bark content. The relationship between 
flower production and height needs more comment. Provenances from Hungary 
have been among the tallest provenances in the Rhodes and Rhinelander 
test plots in these early years of growth and have also been the 
most prolific flower producers. This could explain the positive 
correlation between both traits. But, as indicated elsewhere, this 
reproductive growth tends to have an adverse effect on height growth 
Table 3.4. Estimates of genotypic correlations (Type A) for different 
traits among Alnus glutinosa provenances 
Genotypic correlations 
Character^ %2 
=3 =4 
^5 %6 
Height (X^) 1.00 0.31** 0.65** 0.22** 0.86*** 0.87*** 
GRWl (Xg) 1.00 -0.28 0.12** 0.20** 0.32** 
GRW2 (X3) 1.00 -0.19 0.68** 0.25 
GRW3 (X4) 1.00 -0.17** -0.86 
Diameter (X5) 1.00 0.95*** 
vol} (Xg) 1.00 
BS^ (Xy) 
FMC 
0
0
 
BARK (Xg) 
SG 
LTN 
FLOW 
(Xiq)  
(Xil) 
(=12) 
^See Table 3.2 for character details. 
^Volume (cm^). 
^Biomass (gm). 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability 
levels. 
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1.27 -0.25** -0.29* 0.27** 0.11** 0.69* 
0.99*** 0.06** -0.07** -0.01 -0.05* 0.20* 
0.18 -0.36 -0.40 0.25 -0.08 0.21* 
-0.33** -0.10** -0.02 -0.001 0.34* -0.12 
0.30** -0.34** -0.36 0.39** -0.002 0.29 
0.45* -0.25* 0.20* 0.13** 0.07 0.43 
1.00 1.65 1.03 0.49** 0.28** 0.13 
1.00 0.83** -0.17* 0.16** 0.17** 
1.00 0.03 0.33** 0.23** 
1.00 0.19** 0.34 
1.00 0.19 
1.00 
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in later years (Funk, 1973; Onokpise and Hall, 1984). Most of the 
negative correlations were obtained for bark content and field moisture 
content in relation to the other characters. Thus, any improvement 
in these characters could deliteriously affect the other traits. This 
will be good for selection programs in which bark and field moisture 
contents will be undesirable traits. However, in biomass production 
some compromise may have to be made between the other traits and bark 
content. The genotypic correlations between specific gravity and 
growth characteristics were generally very low and even negative for 
the two summer growth rates. This would normally be expected (Zobel, 
1961). But, because the positive correlations are highly significant 
for diameter, height and volume, selection for any of those traits 
will not adversely affect specific gravity even though an equivalent 
amount of progress is unlikely. The relatively low correlations between 
the various growth periods and height and diameter have been discussed 
previously (Onokpise and Hall, 1984a). Many of the northern seed sources 
start growth and set bud early while the southern seed sources start 
growth and set bud late. 
Location : Location correlations--Type B The Type B genetic 
correlations of Surdon (1977) were computed to characterize the three 
different environments as to their performance using height, diameter 
and maximum moisture content (Table 3.5). The correlations were low 
to moderate (0.031-0.598) with Rhodes vs Rhinelander showing higher 
correlations while Humm-Wye vs Rhinelander showed the lowest correlations. 
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Table 3.5. Estimates of covariances and correlations (Type B) between 
environments for height, diameter and maximum moisture 
content (MCX) 
Site pair 
Source Trait 1 vs 2 1 vs 3 2 vs 3 
a 
Gov 
gxy 
Height 
Diameter 
MCX 
3843.66 
0.780 
60.98 
4752.79 
0.393 
20.31 
349.46 
0.156 
24.67 
r gxy 
Height 
Diameter 
MCX 
0.454** 
0.598** 
0.321* 
0.549** 
0.500** 
0.169* 
^^Non-significant. 
^Cov = Covariance between locations. gxy 
r = Genotypic correlations between locations. gxy 
*, ** Significant at the 0.05 and 0.01 probability levels. 
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Correlations between Rhodes vs Humm-Wye were also close to that of 
Rhodes vs Rhinelander. The very low and non-significant correlation 
between Rhinelander and Humm-Wye would indicate that both of these 
locations must be in two different breeding zones, when selecting of 
Alnus glutinosa provenances. We have noted how southern seed sources 
suffer severe die-back in Rhinelander and how the northern sources are 
unable to utilize the longer growing season in Humm-Wye (Hall e^ a^., 
1983). 
In the north-south transect encompassing the three locations, 
Rhodes in central Iowa, represents a mid-point and this coupled with 
its very variable climate, enables it to provide conditions for tree 
performances in which seed sources that perform well in either of the 
other locations would also do well in Rhodes. Therefore, it may be 
possible to make selections at Rhodes for planting either in Rhinelander 
or Humm-Wye. However, because of its relative climatic variability, 
as well as microsite variation, it may be difficult to group Rhodes 
along with the other two locations. But, if resources are limited, 
two breeding zone combinations are possible; either Rhodes/Rhinelander 
and Humm-Wye or Humm-Wye/Rhodes and Rhinelander. A third possibility 
would be to establish two concurrent breeding programs at Rhodes: One 
will be to select for full season users to be grown in Humm-Wye and 
similar sites, while the other program will be to select for fast early 
growers for Rhinelander and similar sites. 
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Predicted genetic gains Genetic gains/unit of selection within 
locations were predicted for the various characters. Rhinelander on the 
average showed higher predicted genetic gains than either Rhodes or Humm-
Wye (Table 3.6). This is a reflection of the generally higher estimates 
of heritability that were obtained for the various characteristics in 
Rhinelander. The predicted genetic gains for the traits are relatively 
high. This coupled with the genetic variability present in the prove­
nances would suggest tremendous opportunities for genetic improvement 
among the Alnus glutinosa provenances. Thus, selection should be 
based on available germplasm pool with later additions to broaden 
the genetic base for the biomass and growth characteristics evaluated. 
Using the correlated response formula for predicting genetic gains 
2 (ÛG^.jj = ih Vg^r^y, Surdon, 1977), it was found that for height, di­
ameter and maximum moisture content, Rhinelander and Humm-Wye should 
be separated into two breeding zones. The least amount of gain was 
consistently predicted for a combination of both locations (Table 3.7). 
Atlhough, predicted gain for height is greater for a combination of 
Rhodes/Humm-Wye, it is, however, not significant. Because of the sig­
nificantly better improvements to be made for diameter and maximum 
moisture content, along with similar gains for height in the Rhodes/ 
Rhinelander combination, these locations will be the best to be in the 
same breeding zone. 
The genetic correlation concept for characterizing environments 
has received little attention among tree breeders. However, as sug-
Table 3.6. Predicted genetic gains for various characters among Alnus glutinosa provenances 
within locations and locations combined 
Grains within locations^ locations 
Trait 12 3 combined 
Height (cm) 85 (16%) 110 (39%) 107 (32%) 75 (20%) 
Diameter (cm) 0.80 (18%) 1.87 (67%) 1.08 (34%) 0.64 (18%) 
GRWl (cm) 19 (21%) 6 (22%) 13 (41%) - - -
GRW2 (cm) 7 (24%) 24 (132%) 29 (91%) 
GRW3 (cm) 17 (10%) 7 (27%) 11 (18%) 
Leaf nitrogen (%) 0.12 (7%) 0.19 (12%) 0.11 (7%) 0.11 (7%) 
Flower 0.57 (65%) 0.46 (55%) 0.55 (60%) 0.52 (60%) 
MCX (cm) 12 (7%) 22 (13%) 13 (8%) 7 (4%) 
BARK (cm) 2 (5%) 2 (5%) 2.4 (6%) 0.57 (1%) 
Specific gravity (cm) 0.02 (57.) 0.05 (12%) 0.03 (7%) 0.01 (2%) 
^Gains per unit of selection will be based on phenotypic mass selection among provenances. 
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Table 3.7. Predicted genetic gains for heights, diameter and maximum 
moisture content, using plantation combinations for selection 
Site pair 
Trait 1 vs 2 1 vs 3 2 vs 3 
Height (cm) 
Diameter (cm) 
Maximum 
moisture 
content (%,) 
1676.27 (867.) 
0.378 (10%) 
81.47 (48%) 
1784.39 (92%) 
0.097 (3%) 
3.99 (2%) 
133.86 (7%) 
0.041 (1.2%) 
3.02 (2%) 
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gested by Burden (1977), there are many advantages to its use compared 
to the conventional analysis of variance method (Comstock and Moll, 
1963) or the various regression analysis methods of Finlay and Wilkin­
son, 1963; Eberhart and Russell (1966); see also Sherbourne (1972). 
As demonstrated from the heritability estimates, year-to-year varia­
tion may be unimportant in tree breeding. Age : age correlations 
(Nanson, 1967; Clausen, 1982; and Robison, 1984) also indicate little 
effects of year-to-year variation especially after the establishment 
years. Therefore, much of the interactions obtained for trees between 
environments should be related to macro- and micro-site effects. Hence, 
greater attention needs to be paid to genetic correlations because this 
not only solves the problem of whether an environment is fixed or not; 
it also identifies sites within a particular grouping that are optimal 
for phenotypic selection or progeny testing; and it also allows for 
linking information from different sites (Surdon, 1977). More infor­
mation is, however, needed before the concept can be fully applied. 
But, its flexibility and relative simplicity should make it very at­
tractive to many tree breeders. 
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PART 4. 
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INTRODUCTION 
The inability of plant genotypes to maintain consistent performance 
over a given range of environments is defined as genotype x environment 
(G X E) interaction. In evaluating seed sources for the production 
of improved planting stock, it is important to know whether such seed 
sources would perform well across locations or will only grow best 
in specific (favorable or unfavorable) environments. This is particu­
larly true for an exotic species. It may be simpler and perhaps cheaper 
to breed genotypes of broad adaptability to a wide range of environments, 
that is, stable genotypes which maintain above average performance in 
many environments. However, such stable genotypes are unlikely to 
take advantage of favorable environments (e.g., milder winters and 
longer growing seasons) or of environmental improvements such as site 
preparation and fertilization. Hence, a stratification of environments 
would be necessary in order to identify not only stable genotypes but 
also unstable genotypes that can respond favorably to improvements in 
the environments. 
Several methods have been described for determining genotypic 
stability over a wide range of environments. Some of these include: 
1. The conventional analysis of variance method of Comstock and 
Moll (1963), Cockerham (1963), and Comstock (1960). This 
method only indicates the presence or absence of G x E inter­
action. 
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2. The ecovalence method of Wricke (1964, 1966) and Plaisted 
(1960). In this approach, individual contributions to the 
G X E interaction are computed and a genotype contributing 
little to the interaction by showing a response similar to 
the mean of all genotypes is said to possess a high ecovalence 
or wide ecological range which would be considered advantageous 
according to Wricke (1966). 
3. Regression techniques of Finlay and Wilkinson (1963); and 
Eberhart and Russell (1966); based on the principles proposed 
by Yates and Cochran, (1938). Here, genotypic adaptability 
or stability is based on whether "b" is less than, equal to 
or greater than 1.0. Eberhart and Russell (1966) also suggested 
2 the use of deviations from regression (S^) as an additional 
method for defining genotypic stability. A stable genotype 
2 
will be one with b = 1.0 and S, = 0. The effectiveness of 
a 
2 S^, however, is very much dependent on the number of planting 
sites or environments. 
4. The multivariate analysis approach, such as cluster analysis, 
suggested particurlarly for tree improvement by Shelbourne and 
Campbell (1976). The critical computations for the use of this 
method in tree breeding have been done earlier by Namkoong 
(1967). The MANOVA approach groups environments rather than 
individual genotypic performance. 
5. The use of genetic correlations between environments in which 
each test location is considered as a distinct trait. It is 
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a concept that was first proposed by Falconer (1952) but has 
been strongly recommended to tree breeders by Surdon (1977). 
The ecovalence approach and, in particular the regression analysis 
technique and modifications therefrom, have been most widely used in 
tree improvement programs. Morgenstern and Teich (1969) working with 
jack pine provenances grown in eleven environments compared Eberhart 
and Russell's method to Wricke's ecovalence approach. The conclusion 
from their study was that both stability procedures were useful in the 
tree selection process. Owino (1977) using loblolly pine parental 
crosses observed that the ecovalence method may be more discriminating 
than the regression technique in identifying stable and nonstable gen­
otypes. More recently, LaFarge and Kraus (1981) concluded from a study 
involving loblolly pine progenies, that the estimates of b were more 
2 
reliable than in defining genotypic stability. This was attributed 
to the relatively small number of environments used in their studies. 
Although provenance trials across locations have been conducted in 
Ainus glutinosa (Weisgerber, 1974; Funk, 1973; Robison et , 1978; 
Kellison and White, 1979; DeWald et al., 1983; Hall et al., 1983); none 
of the data from these studies has been subjected to any of the geno­
typic stability methods. The objectives of the present study (paper) 
are, therefore, to: 
1. Evaluate two of the stability methods using Ainus glutinosa. 
a. Regression Analysis approach according to Finlay and 
Wilkinson (1963); Eberhart and Russell (1966) and 
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b. the Ecovalence Approach according to Wricke (1962, 1964, 
1966); with the hope of identifying stable A. glutinosa 
provenances that could be grown in the North Central 
Region, 
2. Group environments and provenances using the cluster analysis 
technique. 
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MATERIALS AND METHODS 
From an on-going provenance study involving 48 seed sources of 
European black alder (A. glutinosa (L.) Gaertn.) 17 provenances were 
selected for Genotype x Environment interaction studies. Details of 
the experimental methods have been reported previously (Onokpise and 
Hall, 1984a,b). In brief, seed sources were obtained from the natural 
range of Alnus glutionsa in Europe through coopérators. These were 
then planted in various states in the North Central United States. For 
the present studies, data were obtained in 1982 and 1983 growing sea­
sons from Rhodes, Iowa; Rhinelander, Wisconsin; and Humm-Wye, Illinois. 
For both years, the ages of trees were 4 and 5 years at the Iowa and 
Wisconsin locations but 3 and 4 years at the Illinois location. Data 
were obtained for growth (height, and actual growth rates, diameter, 
and volume) and raw biomass properties (field moisture content, maximum 
moisture content, bark content, specific graivty and biomass per se), 
as.well as leaf tissue nitrogen and flower production. 
Statistical analysis 
Total height data at the end of 1983 was used to evaluate stabili­
ty methods in Genotype x Environment interaction studies. But, all 
the 13 variables of our data were used in the multivariate analysis 
based on the clustering of locations, and provenances within locations 
under the cluster analysis technique. For the height data, the mean 
performance of all provenances at a location was regressed on the 
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mean performance of all provenances at each location i.e., the environ­
mental index according to Finlay and Wilkinson (1963) and Eberhart and 
Russell (1966). The generalized model for generating the regression 
coefficient (b) is given by Eberhart and Russell (1966) as: 
= "i + + »ij 
where 
Y.. = provenance mean of the i^^ provenance of the 
location or environment, 
= mean of the i^*^ provenance overall locations, 
p. = regression coefficient measuring the response of the 
ith provenance to varying environments, 
^9. . = the deviation from regression of the i^^ provenance 
at the environment, and 
I. = the environmental index obtained as the mean of all 
^ provenance at the location. 
And b is computed as 
Under the Wricke's (1962) ecovalence method, the contribution of 
individual provenances to the interaction provenance x environment 
was computed from the formula; 
X X 2 
V. =S(X. . - — 1 + —) 
1 j  i j  q  p  pq  
2 because of the small number of environments in the present studies, 
S, values were not computed as estimates of 9 Û ij 
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where 
= contribution of i^^ provenance, 
= performance of the i^^ provenance at location j, 
= the sum of provenances i over all locations, 
X.j = sum of all the provenances at location j, 
X.. = grand total = all provenance summed overall locations, 
q = number of environments, and 
p = provenances. 
Results of regression analysis and ecovalence were then compared as to 
their effectiveness in identifying stable alder provenances. 
To group environments; and provenances within environments a 
multivariate analysis using the cluster analysis technique was con­
ducted for locations combined and the 17 provenances within each loca­
tion. Similarity measure based on correlation coefficients (Sokal and 
Rohlf, 1952; Johnson and Wichern, 1982) were computed for Rhodes, 
Rhinelander and Humm-wye respectively. Similar correlations were also 
calculated for the 17 provenances (Table 4.1) in each location using all 
13 variables measured across locations (see Onokpise and Hall, 1984c). 
Similarity matrices were clustered to obtain various groupings in the 
fom of dendograms (Sokal and Rohlf, 1962) based on a single-linkage 
approach of merging nearest neighbors (largest similarities) (Johnson 
and Wichem, 1982). Dendograms were plotted with an IBM plotter at Iowa 
State University Computer Science Center. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Provenances of Alnus glutlnosa included in the present study 
Provenance 
number 
Geographic 
origin Latitude Longitude 
Elevation 
(meters) 
131 Scotland 58° 15'N 4° 
222 Denmark 54° 45'N 11° 
451 W. Germany 50° O'N 
481 W. Germany 49° O'N K 511 Poland 53° 8'N 17° 
541 Poland 51 48'N 19° 
561 Poland 50° O'N 20° 
591 Hungary 47 40'N 17° 
592 Hungary 46° 55'N 16° 
614 Netherlands 52° 50'N 5° 
633 Switzerland 47° 16'N 8° 
682 France 44 4'N 1° 
722 Yugoslavia 45° 35'N 16° 
724 Yugoslavia 46 5'N 17^ 
795 Bulgaria 42° 45'N < 962 Italy 46 2'N 12° 
975 Italy 43° 48'N 10° 
20'W 
30'E 
O'E 
O'E 
24'E 
50'E 
3b'E 
O'E 
40'E 
50'E 
20'E 
16'W 
31'E 
5'E 
30'E 
29'E 
79'E 
90 
25 
470 
370 
60 
168 
200 
114 
170 
- 1  
455 
5 
95 
113 
700 
40 
670 
w 
CO 
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RESULTS AND DISCUSSION 
The measures of stability according to Eberhart and Russell (1966) 
and Wricke (1962) were determined (Table 4.3). The regression coeffi­
cients (b) were highly variable and were significantly different sta­
tistically (Table 4.2). Regression coefficients of 1.00 or approach­
ing 1.00 would provide for average stability over all locations while 
those with b below 1.00 have above average stability and those with b 
increasing above 1.00 have below average stability. Provenances 131, 
481, 614, 682 and 795 have regression coefficients approximating 1.00 
(.95, .99, 1.02, 1.03 and .95) and so have average stability over all 
the environments. Provenance 131, for example, consistently had mean 
heights that were lower than the population mean in all three locations 
hence it is poorly adapted to all of the environments. Provenance 481 
on the other hand was well-adapted to all locations by having mean 
heights that were above the population mean over all locations. Prove­
nances 962, 975, 592, 722, 591 and 724 (b = 1.23, 1.15, 1.18, 1.16 and 
1.06) are indicative of provenances that are adapted to the high yield­
ing environments, in this case (longer growing season and milder win­
ters). Provenance 962, for example, ranked highest in Humm-Wye in South­
ern Illinois but had a very low ranking in Rhinelander, Wisconsin. These 
provenances are able to take advantage of improved growing conditions 
and therefore developed fast growth rates. The provenances with high b 
values represent most o.f the southern and south central European seed 
sources that are adapted to growing under the influence of the 
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Table 4.2. Analysis of variance based on mean provenance height using 
the method of Eberhart and Russell (1966) 
Source df Mean squares 
Provenance 16 17693.65** 
Environments (linear) 1 2524608.86** 
Prov X environments (linear) 16 4232.23* 
Pooled deviations 162 3168.16 
Corrected total 195 
*, ** Significant at 0.05 and 0.01 probability levels. 
Table 4.3. Comparison of stability Indices by the regression and ecovalence methods • 
Mean height (cm) Regression Provenance contribution to ^ 
Provenance location combined coefficient* interaction sums of squares 
131 293.75 0.95 9180.95 (14)^ 
222 374.02 1.13 2165.00 (3) 
451 385.96 0.77 2079.18 (3) 
481 412.75 0.99 583.42 (0.9) 
511 419.70 1.17 2035.50 (3) 
541 416.53 0.73 10475.70 (16) 
561 425.06 0.70 8419.17 (13) 
591 417.41 1.16 1112.86 (2) 
592 411.58 1.18 3177.47 (5) 
614 409.73 1.02 1180.59 (2) 
633 365.62 0.78 2189.91 (3) 
682 366.85 1.03 6889.22 (11) 
722 411.06 0.94 199.58 (0.3) 
724 390.89 1.06 500.73 (0.8) 
795 371.15 0.95 665.98 (1) 
962 378.91 1.23 11981.40 (17) 
975 297.21 1.15 1870.94 (3) 
^Regression coefficients were obtained by the methods of Eberhart and Russell (1966) and 
Finlay and Wilkinson (1963). 
Values in parentheses represent percent provenance contribution to the interaction sums 
of squares. 
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Mediterranean climate. Thus, in the north-south transect of our test 
locations from Rhinelander to Humm-Wye, these seed sources improve on 
their relative rankings as we move them from the north to the south. 
Many of the Polish and Baltic seed sources such as 561 and 541 whose 
regression coefficients were appreciably less than 1.00 are adapted to 
the low yielding environments in this case (shorter growing season and 
much harsher winter conditions). These provenances consistently had 
the tallest trees in Rhinelander. It should, however, be noted that 
microsite conditions could change b values considerably. For example, 
if provenances are tested in Central Iowa over a range of soil fertili­
ties, different low and high yielding environments will be encountered. 
Provenances would then, perhaps, respond differently, and the results 
obtained might be different. Caution is, therefore, advised when ex­
trapolating results such as ours to narrower ranges of environments. 
As an illustration of the application of regression analysis being 
a measure of stability, graphical impressions according to Finlay and 
Wilkinson (1963) were constructed for the provenances (Figures 4.1, 
4.2 and 4.3). Five provenances were compared to the mean of the popu­
lation across the three test locations (Figure 4.1); all provenances 
in relation to their adaptability to the different environments were 
compared (Figure 4.2). Both comparisons illustrate the average stabil­
ity of provenances such as 131 and 481, and the less than average sta­
bility of 962 across the given environments for height growth. Similar­
ity of adaptation, as measured by regression coefficients, of prove-
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nances from similar latitudes or adjacent latitudes was determined 
(Figure 4.3). Hence, 724 and 682; 561 and 541; and 591 and 592 are 
grouped together as to their stability parameters. 
Under Wricke's ecovalance method, 962, 131, 561, 541 and 682 con­
tributed the most to the interaction sums of squares. The high con­
tribution of provenance 131 to this interaction is worth noting since 
the regression analyses indicated that this was a stable genotype. 
This may be attributable to the inability of the Wricke's ecovalence 
technique to detect non-linearity of individual provenance contribution 
to the interaction sums of squares- However, the results obtained for 
the other provenances are comparable to those of the regression anal­
ysis. Provenances 481, 722 and 724 contributed the least to the inter­
action sums squares thereby possessing high ecovalence, that is wide 
ecological adaptation. This would normally be advantageous (Wricke, 
1964; 1966), because such genotypes can be planted in the breeding zones 
a tree breeder may specify. Provenance 481 actually had above average 
mean heights in all three locations. 
Morgenstern and Teich (1969) indicated that both Wricke's eco­
valance and Eberhart and Russell's regression methods are comparable and 
should, therefore, give similar results. Owino (1977) on the other hand 
suggested that Wricke's ecovalence may be more discriminating. Except 
for 131 in the present study the results of both methods are similar. 
Provenances were separated as to their adaptability or stability in a 
similar manner. Thus, both methods could be used to forecast site 
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indexes and provenance performances in Alans gltitinosa breeding 
programs. Because of its predictive nature, the Eberhart and Russell's 
method would be preferred. One of its drawbacks though, is its require­
ment for linearity between genotypic performance and environmental index, 
a situation that could be corrected by transformations (Morgenstern 
and Teich, 1969). It should be noted that where a particular method 
is chosen or preferred, the mean performance of genotypes at each 
location must also be considered as a measure of stability or adaptation 
(Finlay and Wilkinson, 1966). 
Cluster analysis 
While regression techniques emphasize the role of individual 
genotypic performance across locations other methods such as genetic 
correlations (Falconer, 1981; Surdon, 1977) and genetic gains (LaFarge 
and Kraus, 1981; Surdon, 1977) consider the grouping of environments 
as a way of handling genotype x environment interaction problems. 
Other methods like cluster analysis and principal components can group 
environments as well as genotypes within those environments. Cluster 
analysis was done for the 17 provenances in our present studies using 
thirteen variables. 
The results of cluster analysis would indicate that Rhodes and 
Humm-Wye could be in the same breeding zone (Figure 4.4). These two 
locations were clustered at a much higher similarity level while all 
three locations clustered together at a very low similarity level. 
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These results compare favorably with those obtained for genetic cor­
relations where Rhodes/Hunm-Wye and Rhodes/Rhinelander had similar 
genotypic correlations with very low correlations between Rhinelander 
and Humm-Wye (Onokpise and Hall, 1984a,b,c). With only three variables 
height, diameter and maximum moisture content evaluated, it was sug­
gested that two concurrent programs be established in Rhodes for selec­
tion of plant genotypes for the other two locations. Cluster analysis 
was done using 13 variables involving both growth and biomass proper­
ties. Thus, selections made at Rhodes would be expected to perform 
well at Humm-Wye. While similar results may be obtained for Rhineland­
er, a knowledge of the trait to be improved may be necessary as this 
will enable the tree breeder to make specific selections for Rhineland­
er. Problems with the single-linkage cluster analysis technique have 
been discussed by Whiffin (1976) and Johnson and Wichern (1982). Al­
though the method is important in delineating non-ellipsoidal clusters 
it cannot discern poorly separated clusters. 
Dendrograms were developed to show the grouping of provenances 
within locations (Figures 4.5, 4.6, and 4.7). Although, two distinct 
clusters were obtained for the Rhodes location, no geographic patterns 
were evident from the grouping or provenances within the Rhodes loca­
tion. Such distinct clustering was lacking in both Rhinelander and 
Humm-Wye except for 131 in Humm-Wye and 975 and 962 in Rhinelander. For 
these three provenances, geographic origin seemed to have been important 
in their clustering. Although regression analysis indicated both 131 
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and 975 to be stable over the three environments, and 962 to be un­
stable, 131 has a better performance than both provenances in Rhine-
lander but it performs worse at the Rhodes location. 
The single-linkage cluster analysis although very useful in clas­
sifying species in taxonomy (Sokal and Rohlf, 1962) it may not be very 
effective in grouping provenances as to their performances for the kinds 
of characters we have evaluated. However, in grouping environments 
cluster analysis can be used to separate environments into those showing 
similarity of performance. Much more information will be required as to 
the type of multivariate analysis to use in grouping provenances within 
environments. Perhaps clustering provenances on mean performances over 
all locations may be more important than clustering them within loca­
tions. 
From a tree breeder's stand point, the multivariate analysis ap­
proach can be used to group several environments based on their simi­
larities, while the regression analysis could then be used to identify 
those plant genotypes that may be adapted to each of the grouped en­
vironments. For example, provenance 561 from regression analysis was 
shown to be above average stability and it was found to have some of 
the tallest trees in Rhinelander, therefore, having been separated by 
the Cluster Analysis technique, Rhinelander can be used for the improve­
ment of this provenance. 
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OVERALL SUMMARY AND DISCUSSION 
This dissertation has evaluated a subset of seventeen provenances 
from an on-going range wide provenance studies at Iowa State University. 
The results indicate tremendous opportunities for the genetic improve­
ment of the species in North Central United States. 
Provenance variation 
One of the questions raised at the start of the dissertation was 
how will the 17 provenances vary when grown in the North Central United 
States? This question is amply answered by the significant amount of 
variation observed for growth properties. We observed that seed sources 
from southern Europe such as 962, 975, and 682 performed best in 
Humm-Wye, Southern Illinois while the Polish and Baltic Sea seed sources 
such as 511, 541 and 561, had their best performance in Rhinelander, 
northern Wisconsin and the central European provenances such as 591 and 
592 were the best provenances at the Rhodes location. The fact that 
seed sources from the northern latitudes were unable to take advantage 
of the longer growing season and milder winters in the southern test 
location was discussed. Similar results had been found for the 48 
provenances in another study in Northeastern United States (DeWald et 
al., 1983; Genys and Hall, 1983; Hall et al., 1983). 
At the early age of growth, the Hungarian seed sources were the 
most prolific flower producers in all three locations. They also have 
some of the tallest trees at this point, thereby, giving rise to posi-
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Cive correlations between height and reproductive growth. However, 
as stated Funk (1973) and as shown from our histograms (page 61) such 
early fecundity can eventually result in vegetative growth decline in 
later years. 
Variations were observed for leaf tissue nitrogen, and the wood 
biomass properties. For example, some of the provenances (e.g., 131 
and 975) which ranked very low to moderate for total height and diam­
eter growth, ranked moderate to high for leaf tissue nitrogen. Prove­
nance 722 showed high potential as a good biomass material by ranking 
very high for both specific gravity and biomass. The wide variations 
observed among the 17 provenances would indicate that genetic improve­
ment is possible. 
Inheritance levels and genotypic correlations 
Estimates of broad sense heritabilities were quite variable. How­
ever, the estimates indicate possibilities for making significant ge­
netic gains in the various characters evaluated. Because the herita-
bility estimtes are of the broad sense type it will include non-addi-
tive genetic variance components. Thus, some form of progeny testing 
will be necessary to identify provenances that show general and specific 
combining abilities for use in the Alnus glutinosa breeding program. 
The genotypic correlations among the various characters indicated 
that improvements in many of the growth properties will not adversely 
affect wood properties such as specific gravity. However, improvements 
in most of the traits could deliberately affect bark and field moisture 
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content. Because of the negative effects of bark on pulping properties 
(Harder and Einspahr, 1976) this would be a very good relationship as 
selection against bark content would yield good results for the pulping 
industry. However, for biomass production some compromise may have to 
be made for the inclusion of bark content. 
Stability parameters 
The regression coefficients (b) of Eberhart and Russell (1966), and 
Finlay and Wilkinson (1963) were computed and the unstable performances 
of the southern and northern seed sources were easily identified. Many 
of the Central European provenances had b values approximating 1.00 
thereby indicating their relative stability across the three locations. 
The regression method of Eberhart and Russell (1966) would be preferred 
over the Wricke's ecovalence (1962) because of the difficulty result­
ing from covariance effects between provenances of the latter method. 
Furthermore, in the present studies the regression method showed bet­
ter discrimination of provenances and the results were less variable 
than the ecovalence method. 
Although the single-linkage cluster analysis technique was effective 
in grouping environments, it however was not as effective when it came to 
grouping provenances within environments. It is, therefore, suggested 
that other more discriminating multivariate analysis techniques such as 
principal components may be more effective in grouping provenances 
within locations. But, a combination of the regression and multivariate 
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analysis could prove to be valuable to the tree breeder when making 
selections. 
A breeding strategy 
Hall and Miller (1983) discussed breeding strategies for the im­
provement of an exotic species using Alnus glutinosa as the model. The 
results obtained from this study would support many of the suggestions 
made in their paper. In short rotation forestry where fast growing spe­
cies are required, early selection of plant genotypes will be inevita­
ble. Provenance evaluation will, therefore, be for a shorter period com­
pared to conventional forestry. Age : age correlations (Robison, 1984) 
for different traits will be very important. Also, heritability esti­
mates for traits and genetic correlations among traits will have to be 
determined at an early stage. Our results for this stage indicated that 
both growth and biomass properties are positively correlated except in 
a few instances. Our estimates for heritabilities were low to moderate 
over all locations but were fairly high for certain locations, thereby 
indicating the presence of adequate genetic variability in the existing 
Alnus glutinosa germplasm at Iowa State University. Based on this 
information, the recommended breeding strategy for Alnus glutinosa in 
the North Central United States should be an initial phenotypic selection 
of provenances across all locations. Where particular provenances are 
needed for specific sites these can be obtained from a seed orchard 
as clonal material for planting in those sites. Because of the.results 
of genetic correlations (Part 3), one large breeding program with two 
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subunits have to be established at Rhodes. It is at this location 
that a half-sib family selection program will be carried out to iden­
tify seed sources with general and/or specific combining abilities for 
use in the other two locations. Because diameter was generally better 
correlated with other traits than height, perhaps a new emphasis should 
be placed on diameter rather than height. In any case, diameter is 
highly and positively correlated with height and as such improvements 
in diameter should indirectly result in improvement in height, while at 
the same time making progress with raw biomass properties even though 
not of an equivalent level. Our results covered a latitudinal range 
of 37°N to 46°N and we have already found differences in the grouping 
of provenances (Part 1). Hall e^  al., (1983) have recommended the use 
of different climatic zones for Alnus breeding. This may be so if re­
sources are readily available. Otherwise as already indicated in Parts 
3 and 4 if similar environments are found, it may be possible to reduce 
cost by breeding in one climatic zone for production in another zone. 
However, much more work is needed to confirm these results. 
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